
. 
JPL Publication 85-91 DEB-TR-86-03 

Peak Power Cost Reduction 
Guidebook 
M.K. Selcuk 
W. Edmiston 

December 15. 1985 

Prepared for 
Air Force Engineering & Services Center 
Tyndall Air Force Base, Florida 

, 
Through an Agreement with 
National Aeronautics and Space Administration 

Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, Cal iforn ia 

by 

--, 



, 

NOTICE 

Please do not request copies of this report from HQ 
AFESC/DEB (Engineering and Services Energy Group). 
Additional copies may be purchased from: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 

Federal Government agencies and their contractors 
registered with Defense Technical Information Center 
should direct requests for copies of this report to: 

1 

Defense Technical Information Center 
Cameron Station Y 

Alexandria, Virginia 22314 

, 



REPORTDOCUMENTATIONPAGE 
1 .  REPORT NUMBER 12. GOVT ACCESSION'NO. 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

3. RECIPIENT'S CATALOG NUMBER 

DEB-TR-86-03 
1. T I T L E  (and Subfltle) 

PEAK POWER COST REDUCTION GUIDEBOOX 

S e l c u k ,  M. K., and Edmis ton ,  W. A. 

5. T Y P E  O F  REPORT 6 PERIOD COVERED 
F i n a l  R e p o r t  
May 1983-December 1985 

6. PERFORMING 0-G. REPORT NUMBER 

F-83-36 

'. AUTHOR(*) 
J P L  P u b l i c a t i o n  85-91 

8 .  CONTRACT OR GRANT NUMBER(s) 

HQ AFESC/DEB 
T y n d a l l  AF'B, FL 32403-6001 

. PERFORMING ORGANIZATION NAME AND ADDRESS 

Je t  P r o p u l s i o n  L a b o r a t o r y  
C a l i f o r n i a  I n s t i t u t e  of Technology 
P a s a d e n a ,  C a l i f o r n i a  9 1 1 0 9  

1. CONTROLLING O F F I C E  NAME AND ADDRESS 

December 19  8 5 

1 2 6  
13. NUMBER O F  PAGES 

10. PROGRAM ELEMENT. PROJECT. TASK 
AREA 6 WORK U N I T  NUMBERS 

NASA TASK RE-152 
AVENDMENT 3 6 4 

12. REPORT D A T E  

4. MONITORING AGENCY NAME & ADDRESS(if different from Confrol l inl  O f f i c e )  

D i s t r i b u t i o n  U n l i m i t e d :  Approved f o r  p u b l i c  release. 

~ 

15. SECURITY CLASS. (of th in  teporf )  

UNCLASSIFIED 

15s. DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 

'. DISTRIBUTION STATEMENT (of the abafract enfered in Block 20, if different  from Report) 

D i s t r i b u t i o n  U n l i m i t e d :  Approved f o r  p u b l i c  release. 

1. SUPPLEMENTARY NOTES 

A v a i l a b i l i t y  o f  t h i s  r e p o r t  i s  s p e c i f i e d  on reverse o f  F r o n t  Cover  

. K E Y  WORDS (Contlnue on r8ver.e aide if neceaauy  a d  idenflfy  by  block number) 

E n e r g y  C o n s e r v a t i o n  C o g e n e r a t i o n  
E lec t r ica l  Energy  C o n s e r v a t i o n  Energy  Management and  C o n t r o l  
Peak  Shav ing  T e c h n i q u e s  Sys t ems  

I n t e r c o n n e c t i o n  
. ABSTRACT (Continue on revera. aide I f  necewaary m d  idanflly by  block number) 

The r e p o r t  i s  o r g a n i z e d  as a g u i d e b o o k  w i t h  w o r k s h e e t s  f o r  t h e  
e s t i m a t i o n  of e n e r g y  savings,  power s a v i n g s ,  and  do l l a r  s a v i n g s  
t o  be g a i n e d  t h r o u g h  t h e  i m p l e m e n t a t i o n  of t e c h n i q u e s  t o  r e d u c e  
p e a k  power demand. I n t e r c o n n e c t i o n ,  e n e r g y  management and  
c o n t r o l  s y s t e m s ,  and  o n - s i t e  g e n e r a t i o n  a re  t h e  t e c h n i q u e s  
c o n s i d e r e d .  

FORM DD , ,AN ,I 1473 EDITION OF I NOV 65 IS OBSOLETE 





SUMMARY 

The purpose of this report is to present a methodology for the 
evaluation of techniques for reducing peak power demand and costs by 
Air Force base civil engineers. The report is the result of a study 
for the Air Force Engineering and Services Center by the Jet 
Propulsion Laboratory under Tyndall Air Force Base Project Order No. 
F-83-36 (NASA Task RE-152, Amendment 364). 

The report is organized as a guidebook with worksheets for the 
estimation of energy savings, power savings, and dollar savings to 
be gained through the implementation of techniques to reduce peak 
power demand. Interconnection, energy management and control 
systems, and on-site generation are the techniques considered. 

i 
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PREFACE 

This report documents work performed by the Jet Propulsion 
Laboratory (JPL), California Institute of Technology, Pasadena, 
California 91109, under Project Order No. F-83-36 with the Air Force 
Engineering and Services Center, Tyndall AFB, Florida 32403-6001 and 
through NASA (NASA Task RE-152, Amendment 364). Major Dwight Odom 
was the project officer for the Air Force Engineering and Services 
Center. This technical report has been reviewed and is approved for 
publication. 

Dwight Odom, Major, USAF 
Assistant Chief, Energy Security 

Richard 0. Cardinale, Lt. Col., USAF 
Chief, Energy Group 
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GLOSSARY OF TERMINOLOGY 

Average monthly peak 

Cogeneration 

Daily average 

The average of daily peaks for the 
month. 

The simultaneous generation of usable 
thermal energy and electrical energy 
from a single source. 

The average of the hourly peaks for 
the day. 

Daily energy consumption The integrated load for a 24-hour 
period, generally determined from 
reading a kilowatt-hour meter. 

I Daily peak 

! Demand 

b Demand charges 

Discounted payback 
period (DPB) 

Energy 

Energy charges 

Energy consumption 

Energy management and 
control system (EMCS) 

The maximum amount of power demanded 
during a 24-hour period. 

The rate at which power is received, 
usually expressed in kW. Also 
referred to as "load." 

An amount charged by the utility that 
is proportional to the value of the 
peak demand. Expressed in $/kW, 
demand charge policy is set by the 
utility. 

The time required for the cumulative 
savings from a capital investment to 
offset, or "payback," the initial 
investment cost plus cumulative 
future costs, taking into account the 
timing of the cash flows. 

The integrated load or demand over a 
period of time, generally expressed 
in kWh. 

An amount ($/kWh) charged by the 
utility that is proportional to the 
energy consumption during the billing 
period. 

The amount of electric energy used 
over a period of time, generally 
expressed in kilowatt-hours (kWh). 

Integrated, computer-based information 
system and control equipment that 
accomplish energy savings for 
heating, ventilating, air 
conditioning, process equipment, 
lighting, chillers, and boilers. 



Load 

Load profile 

Load shedding 

Master meter 

Mid-peak period 

Monthly energy consumption 

Monthly peak 

Off-peak period 

On-peak period 

On-site generation 

Peak power 

Peak shaving 

Power 

The amount of power demanded from the 
utility, generally expressed in 
kilowatts (kW). 

The variation by time of occurrence in 
the power demanded. 

A demand reduction technique applied 
during high peak periods. Non-critical 
energy uses temporarily turned off or 
lowered. 

A single device that measures and 
indicates energy use of an installation 
or a major portion of an installation, 
such as the housing area. 

The period of time during which total 
demand from a utility is between the 
on-peak demand and the off-peak 
demand. Also referred to as "partial 
peak" or "shoulder peak" by some 
utilities. 

The integrated load for a month. 

The maximum amount of power demanded 
during a month. 

The period of time during which total 
demand from a utility is relatively 
low. 

The period of time during which total 
demand from a utility is relatively 
high. 

The generation of electrical power 
on-site by the customer and not 
purchased from the utility company. 

The maximum amount of power demanded 
during a specific time period. Also 
referred to as "peak load" or "peak 
demand. " 

The process of reducing the peak power 
level demanded. 

The time rate of using electric 
energy, usually expressed in kW. 
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Power factor A factor indicating the ratio of real 
power to the apparent power demanded 
from the utility. 

Radio control system (RCS) A system that monitors the electrical 
demand and automatically cycles 
electrical equipment using radio 
signals to reduce the demand under 
predetermined conditions. 

Savings-to-investment 
ratio (SIR) 

Uniform present worth 
( U P W )  factor 

A numerical ratio calculated with the 
reduction in energy costs, net of 
increased non-fuel operation and 
maintenance costs, as the numerator, 
and the increase in investment costs, 
minus increased salvage values plus 
increased replacement costs, as the 
denominator. An SIR greater than one 
indicates the investment is 
cost-effective. 

A factor for finding the present value 
of an annually recurring uniform 
amount . 

vii 
(The reverse of this page is blank.) 



TABLE OF CONTENTS 

I. INTRODUCTION. 0 .  0 1 

A. PURPOSE rn 1 

B. COST REDUCTION METHODS . . . . . . . . . . . . . . .  1 
C. USE OF GUIDEBOOK 0 0 3 

11. SITE AND LOAD DATA: WORKSHEET A 0 . 5 

111. LOAD PROFILE: WORKSHEET B . . . . . . . . . . . . . . . .  9 
IV. COMPONENTS OF A UTILITY BILL: WORKSHEET C . . . . . . . .  17 
v. PREDICTION OF POTENTIAL COST SAVINGS: WORKSHEET D . . . .  21 
VI. ECONOMIC FEASIBILITY EVALUATION: WORKSHEET E . . . 33 

A. INTERCONNECTION . . . . . . . . . . . . . . . . . .  36 
B. ENERGY MANAGEMENT AND CONTROL SYSTEMS. . . . . . . .  37 
C. ON-SITE POWER GENERATION . . . . . . . . . . . . . .  37 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

APPENDIXES 

A. MIDWEST AIR FORCE BASE I . . . . . . . . . . . . . .  45 
B. MIDWEST AIR FORCE BASE I1 . . . . . . . . . . . . .  69 
C. SOUTHEAST AIR FORCE BASE . . . . . . . . . . . . . .  9 3  

ix 



F I G U R E S  

1. 

2 .  

3 .  

TABLE 

1. 

TYPICAL LOAD P R O F I L E  CURVE . . . . . . . . . . . . .  9 I 

GENERIC LOAD P R O F I L E  CURVE U S I N G  DEFAULT VALUES . . 10 

PEAK SHAVING REPRESENTED ON THE G E N E R I C  LOAD 
PROFILE CURVE . . . . . . . . . . . . . . . . . . .  21 

APPROXIMATE S I R  VALUES FOR RANGE OF D P B  VALUES 
AND D I F F E R E N T  SYSTEM ECONOMIC L I V E S  . . . . . . . .  35 

X 



SECTION I 

INTRODUCTION 

This guidebook was developed to assist Air Force base civil 
engineering staff in evaluating alternative methods for reducing the 
electric utility costs at the base. The guidebook uses a series of 
worksheets that are designed to evaluate the electricity consumption 
patterns at the base, determine the potential cost savings due to 
peak shaving, and evaluate alternative methods for achieving cost 
savings. 

Most Air Force bases are major daytime users of electric 
power, with very high on-peak electric power demands. Electric 
utilities charge their customers not only for the amount of electric 
energy consumed, measured in kilowatt-hours (kWh), but also for the 
peak power demanded, measured in kilowatts (kW). Each utility has 
its own policy for determining the rates to charge its customers, 
but the cost of on-peak power is high and increasing. Consequently, 
there is a potential for dollar savings if the peak power demanded 
from the utility can be reduced by changing or  shifting consumption 
patterns. This is often referred to as peak shaving. 

I 
L 

Most electric utilities define different types of rate 
structures for different types of customers, summarized in the form 
of rate schedules, that take into account both the quantity of 
electricity purchased and the peak demand, as well as the time of 
day the electricity is demanded. This is especially true of sales 
to industrial customers, such as Air Force bases. Thus, by finding 
ways to reduce the peak power demand from the utility, an Air Force 
base may be able to achieve dollar savings. 

B. COST REDUCTION METHODS 

The methods for reducing electric utility costs vary widely, 
from conservation to energy storage, and may be classified into six 
groups. 

1. Conservation 

Conservation reduces the energy consumed and may reduce the 
peak demand. Any procedure that reduces electrical consumption, 
especially during the peak time of day, is applicable. Conservation 
usually includes "housekeeping" measures, such as turning off lights, 
setting thermostats higher in summer and lower in winter, etc. In 
general, conservation reduces costs through reduced consumption and 
should be the first method pursued for achieving cost reduction 
because it requires no capital investment and no additional operation 
and maintenance (ObM). Conservation should be implemented before 
using this guidebook. 

-1- 



2. Rescheduling 

Rescheduling, or time-of-day shifting, reduces the peak demand 
without reducing the energy consumed, that is, without conservation. 
An example is rescheduling an operation from the day shift to the 
night shift, thus reducing the peak load during the day and shifting 
it to the night when there is less demand. If the base mission does 
not preclude the rescheduling of an operation, this should also be 
one of the first methods pursued because of the probable cost 
savings due to lower off-peak rates. This method also involves no 
capital investment and generally no additional O&M (nighttime wage 
differential excluded) and should be implemented before using this 
guidebook. 

3 .  Fixed Charge Minimization 

Minimizing the fixed charges will reduce the utility bill 
without reducing either the peak demand or the energy consumed. 
This may be accomplished by reducing charges or increasing credits 
that are not associated with the actual electricity demand or 
consumption. For example, a utility may apply a fixed service 
charge for the hookup to the electric meter. If more than one meter 
is used to serve the base, the service charge would be 
proportionally greater. 

In this case, interconnection to one meter can reduce the 
monthly service charges. There is no additional O&M required, but 
there may be a one-time charge by the utility to achieve the 
interconnection, and the monthly savings should be evaluated against 
that charge. Interconnection is one of the alternatives examined in 
this guidebook. 

4 .  Energy Management and Control System 

The utilization of energy management and control systems 
(EMCSs) usually results in improved energy efficiency in 
operations. In most instances, an EMCS can reduce both demand and 
consumption, as well as perform a variety of energy management 
functions that reduce costs. The use of an EMCS is a form of 
conservation but is listed separately because it requires a capital 
investment and additional O&M. The installation of an EMCS is the 
second alternative examined in this guidebook. 

5 .  On-Site Generation 

On-site power generation reduces the peak demand and the 
energy purchased from the utility without necessarily reducing the 
peak power to the base or the total amount of energy consumed. 
Emergency power generation facilities, a dedicated on-site power 
plant, or a cogeneration facility can be used for on-site power 
generation. This method depends on the capability of the base to 
generate electricity less expensively than the utility's peak 
charge. This method of peak shaving is the third alternative 
examined in this guidebook. 
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6 .  Energy Storage 

Energy storage is the most complex method; it reduces the peak 
demand while the energy consumed increases. Energy is stored at 
night, during which time the demand is low and energy charges are at 
lower, off-peak rates. The stored energy is then used during the 
day when the demand is high. Due to losses that occur through the 
charge-storage-discharge process, the total energy consumption, in 
kWh, is usually about 25% higher than direct use. Such a system 
could only be beneficial in cases where substantial off-peak rate 
savings are offered. Energy storage, in general, applies to large 
industrial/commercial facilities, and its application is often 
limited by high initial capital requirements. This option is not 
examined in this guidebook. 

C. USE OF GUIDEBOOK 

In this guidebook, only a general methodology of system 
evaluation and indications on cost is given. The users of the 
guidebook are urged to obtain firm quotations from vendors or 
contract studies for the final evaluation of complicated systems. 

The logic of selecting a system to reduce the electricity cost 
is based on estimating the total project life-cycle cost based on 
assumed values for the savings-to-investment ratio (SIR) and 
discounted payback period (DPB). This estimated cost is then 
compared to the cost of the alternative techniques to determine 
which is best suited to the base's energy needs. 

Before proceeding to the technical solutions described in this 
guidebook, which require a capital investment, options such as 
conservation and rescheduling must be fully explored. The energy 
usage at the base should be categorized as (1) environmentally 
affected loads, such as heating and cooling; ( 2 )  service related 
loads, such as workshops, laundries, paint shops, etc.; and ( 3 )  
mission-related loads, such as radars, computers, runway lights, 
etc. Usually, mission-related loads cannot be significantly 
reduced, but loads under the first and second categories should be 
examined to see whether a change in the operating schedule might 
reduce these loads. 

Worksheet A, Site and Load Data, is designed to assist in 
collecting and organizing the base energy consumption data for 
analysis. Early start and finish of work during summer periods 
would reduce the peak demand caused by air-conditioner usage during 
late afternoon periods. If shifting to a night schedule is 
possible, the increased usage of light should be traded off with the 
decreased air-conditioning load. The impact of rescheduling the 
operation may be examined by comparing the on-peak demand and 
expenses with the shifted off-peak demand and related expenses. 

The next step is to calculate and plot the base's load profile 
using Worksheet B, Load Profile, to determine the daily pattern of 
consumption and to determine the nature, extent, and occurrence of 
the peak demand. 
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The rate structure of the utility serving the base is analyzed 
next in Worksheet C, Components of a Utility Bill. This allows the 
base civil engineer to disaggregate energy, power, and other 
charges. Also, time-of-day, day-of-week, and quantity discounts or 
surcharges may be analyzed. 

After understanding the base load profile and the utility rate 
structure, it is possible to estimate the potential cost savings 
that could result from shaving the peak; this is quantified in 
Worksheet D, Prediction of Potential Cost Savings. 

In a few cases it may be that either the base does not have a 
noticeable peak, and/or the utility rate structure does not penalize 
the occurrence of peak usage. In these cases potential cost savings 
would be minimal. 

The final step is to examine the three candidate methods to 
determine which is a viable, cost-saving technique. Worksheet E, 
Economic Feasibility Evaluation, evaluates the economic viability of 
the three methods: Interconnection, EMCS, and On-Site Generation. 
The latter is divided into a choice between generating electricity 
for direct use at the base and generating heat and electricity for 
use at the base as well as selling some back to the utility. 
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SECTION I1 

SITE AND LOAD DATA: WORKSHEET A 

The first step of the analysis requires the collection of 
site-specific data for the entire base or site. Worksheet A is 
arranged to help serve this purpose. Entries A1 through A9 are 
informational and not used in the actual analysis; therefore, 
collection of these data can be omitted. However, entries A10 
through A15, the site and load data, are needed to determine the 
range of the demand and consumption on an annual basis. For this 
analysis, the highest demand month will be used first because if 
there is no promise of reducing the utility bill through peak 
shaving for the highest month, then there is no need for further 
analysis. If the highest demand month does show promise for cost 
savings, then other months should also be examined to determine a 
better indication of the potential cost savings. 

The entries are a condensed guide to the site-specific base 
characteristics that will be helpful later. The user may want to 
tailor the worksheet into more specific groupings to fit the 
characteristics of the base under consideration. Most bases will 
probably have available detailed engineering plans, drawings, 
layouts, etc. Initially, it is only necessary to collect what is 
available without expending a great deal of effort. Later, if it 
happens that the base under consideration has a high potential for 
cost savings by peak shaving, these data may then be analyzed in 
more detail. For example, to evaluate an energy management and 
control system prior to a decision to implement, it is necessary 
either to have detailed facility data or to conduct a survey to 
obtain the information. 
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WORKSHEET A 

Enter the name of the base. Al. 

A2 . 
A3 . 
A4 . 
A5 . 
A6. 

A7 . 

A8. 

A9. 

A1 - 
Enter the location of the base. A2 - 

Enter the electrical utility (or utilities) 
serving the base. 

A3 - 

Enter the number of electric meters serving 
the base. 

A4 - 

Enter the on-site electrical generation 
capacity, if any. 

A5 - 

Enter the site population. 
a. Military 
b. Civilian 

A 6 a  
A6b 

Enter the facilities on the base. 
a. Number 
b. Total area (ft2) 

A7a 
A7b 
- 

Enter the buildings on the base. 
a. Number 
b. Total area (ft2) 

A8a 
A8b 
- 
- 

Enter the housing units on the base. 
a. Number of single-family units 
b. Number of multiple-family units 
c. Total area (ft2) 

A9a 
A9b 
A9c 

- A10 Table A-1 

- 
- 

A10. Fill in Table A-1 with the monthly demand 
and consumption data obtained from the 
utility bills. 

All. Enter the peak demand; it is the highest 
value entered in the Demand column of 
Table A-1. 

All - 

A12. Enter the peak demand month. A12 

A13 

- 
- A13. Enter the high month energy consumption; 

it is the highest value entered in the 
Energy column of Table A-1. 

A14. Enter the sum of the monthly peak demand 
values by adding the data in the Demand 
column of Table A-1. 

A1 4 - 

A15. Enter the total annual energy consumption 
by adding the data in the Energy column 
of Table A-1. 

A15 - 
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WORKSHEET A (continued) 

Table A-1. Demand and Consumption 

I I I I 
I I Demand I Energy I 
I Month I (kW Peak) I (kWh 1 I 
I I I I 
I I I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I 
I I 
I Total I I I 
I I I I 

END OF WORKSHEET A 
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SECTION 111 

LOAD PROFILE: WORKSHEET B 

The load profile is the variation in the power demanded over a 
period of time. Analysis of the load profile will yield the 
information needed to determine the potential for peak shaving, 

To develop the load profile for the base, load data for the 
highest demand month is needed. The load data comprising the 
24-hour variation of the electricity demand for two average workdays 
and one normal weekend day during the month is needed. The selected 
days should be typical for the month to ensure that the data are 
reasonably representative of the month’s demand. 

A utility will generally provide these load data upon 
request. Hourly data are adequate for this analysis; if 15-minute 
interval data are provided, calculate the hourly average. In the 
absence of utility-provided data, meter readings taken on an hourly 
basis can be used to generate the load data. This can be 
accomplished by takifig a readliig O i i c e  an hour for the representative 
24-hour periods. If there is more than one meter for the base, each 
meter must be read and the results summed for each hour. 

Next, the tabulated load data is converted to a percentage 
tabulation that will be used to develop the load profile curve. The 
load profile curve is a plot of the power demanded versus the time 
of day. A typical load profile curve is illustrated in Figure 1. 

0400 0800 1200 1600 2000 2 
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Figure 1. Typical Load Profile Curve 



For a n a l y s i s ,  t h e  t h r e e  l o a d  p r o f i l e s  m u s t  b e  s i m p l i f i e d  a n d  
c o n v e r t e d  t o  a g e n e r i c  l o a d  p r o f i l e .  The two weekday and o n e  
weekend d a y  load  p r o f i l e s  w i l l  b e  a v e r a g e d  a n d  p l o t t e d  t o  h i g h l i g h t  
th ree  d i s t i n c t  time p e r i o d s  w i t h  f l a t  l o a d  l e v e l s .  The r e s u l t i n g  
g r a p h  is r e f e r r e d  t o  a s  t h e  g e n e r i c  l o a d  p r o f i l e .  

o f  t h e  percent of peak l o a d  c o r r e s p o n d i n g  t o  a time p e r i o d  u n d e r  
s t u d y  f o r  t h e  b a s e .  Thus ,  t h e  g e n e r i c  p r o f i l e  w i l l  r e p r e s e n t  t h e  
24-hour v a r i a t i o n  of  t h e  l o a d  f o r  t h e  month s e l e c t e d  f o r  s t u d y .  The 
s h a p e  o f  t h e  generic  l o a d  p r o f i l e  is b a s e d  on a s t u d y  by Science 
A p p l i c a t i o n s ,  I n c .  ( S A I )  ( R e f e r e n c e  1) and  s u p p o r t i n g  a n a l y s i s  t o  
t h i s  r e p o r t .  

T h e  g e n e r i c  load p r o f i l e  is a s i m p l i f i e d  s t r a i g h t  l i n e  c u r v e  

A g e n e r i c  l o a d  p r o f i l e  i s  assumed t o  h a v e  t h r e e  f l a t  l o a d  
l e v e l s  t h a t  are j o i n e d  by s t r a i g h t  l i n e s  as i l l u s t r a t e d  i n  F i g u r e  2 .  

T h e s e  f l a t  l e v e l s ,  d e n o t e d  A, B,  a n d  C,  r e p r e s e n t  t h e  t h r e e  
p e r i o d s ,  l a t e  n i g h t ,  day  p e a k ,  and  e v e n i n g .  T h e  ac tua l  time p e r i o d s  
a s s o c i a t e d  w i t h  t h e  t h r e e  l o a d  l e v e l s  may v a r y  f o r  d i f f e r e n t  s i t e s  
and d i f f e r e n t  times of t h e  y e a r ,  d e p e n d i n g  on t h e  t y p e  of load and  
s e a s o n .  G e n e r a l l y ,  however, t h e  time p e r i o d s  f a l l  somewhere i n  t h e  
f o l l o w i n g  r anges :  

A: Late n i g h t  p e r i o d  0300 t o  0600 h o u r s  
B: Day peak p e r i o d  1200 t o  1600 h o u r s  
C: Evening  p e r i o d  1900 t o  2200 h o u r s  

G e n e r a l l y ,  t h e  l a t e  n i g h t  p e r i o d ,  A ,  h a s  t h e  lowest demand. 
D u r i n g  summer months and  work ing  d a y s ,  t h e  h i g h e s t  va lues  a r e  d u r i n g  
t h e  day  peak p e r i o d ,  B ,  i .e . ,  100% on t h e  g e n e r i c  l o a d  p r o f i l e  
scale.  The e v e n i n g  p e r i o d ,  C ,  represents t h e  mid-peak o r  medium 
demand. A s  an e x c e p t i o n ,  t h e  e v e n i n g  p e r i o d  demand may be c l o s e  t o  

6: DAY PEAK PERfOD 

W 2 
n 

A: LATE NIGHT PERIOD t 
240 
W n 

20 30L 
l o t  TIME OF DAY 
01 I 1 I 1 I I 

o400 0800 1200 1600 2000 2400 

F i g u r e  2 .  G e n e r i c  Load P r o f i l e  C u r v e  U s i n g  D e f a u l t  V a l u e s  
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t h e  day peak demand, and even exceed i t  for  w e e k e n d s  or a t  s i t e s  
w i t h  very cold cl imates  during the winter months. I n  t h a t  case ,  t h e  
e v e n i n g  per iod,  C ,  would be 1 0 0 %  or very c l o s e  t o  i t .  

To develop t h e  gener ic  load p r o f i l e ,  t h e  load p r o f i l e  percent  
of peak da ta  fo r  t h e  t h r e e  typ ica l  24-hour days, is averaged and 
p l o t t e d .  I f  these da ta  a r e  not  ava i l ab le ,  an a l t e r n a t i v e  u s i n g  
d e f a u l t  values ,  discussed below, can be used. 

For each day for  which da ta  have been gathered,  the  three-hour 
per iod  t h a t  bes t  represents  each of t h e  t h ree  f l a t  load l e v e l s  
should be determined. T h i s  is  done by observing the  data  i n  t h e  
i n t e r v a l s  defined for  each period. For t h e  l a t e  n i g h t  period ( A )  
and the  evening period ( C ) ,  o b t a i n  t h e  average load percentage f o r  
each period by summing t h e  hourly percent of peak da ta  for  t h e  time 
per iod and d i v i d i n g  by t h ree .  The average load percentage for  t h e  
day peak period ( B )  is 1 0 0 % .  

T h e  monthly average value for each time per iod is  obtained b y  
adding the  t h r e e  values fo r  t h e  time period and d i v i d i n g  by th ree .  

T h e  r e s u l t i n g  gener ic  load p r o f i l e  is t h e n  p lo t t ed .  T h i s  is  
done by drawing hor izonta l  l ines for t h e  f l a t  time periods ( A ,  B ,  
and C )  and t h e n  connecting t h e  end po in t s .  Figure 2 is an example 
of a gener ic  load p r o f i l e  u s i n g  the d e f a u l t  va lues  discussed below. 

For those si tes having more than one meter connection, t h e  
gener ic  load p r o f i l e  should be determined for  t h e  s u m  of each 
me te r ' s  da t a .  

I n  t h e  event t h a t  t h e  a c t u a l  load da ta  cannot be obtained,  
d e f a u l t  values  f o r  A ,  B ,  and C can be used; t hese  a r e  a s  follows: 
A = 5 5 % ,  B = l o o % ,  and C = 85%. These A ,  B ,  and C values a r e  based 
on the  S A 1  s t u d y  (Reference 1) and a n a l y s i s  done i n  support  of t h i s  
r e p o r t .  Default  r e s u l t s  a r e  considered accu ra t e  t o  w i t h i n  + 1 0 % .  A 
sc reening  a n a l y s i s  based on defaul t  values  should be confirmed l a t e r  
by a c t u a l  data  p r io r  t o  any s i g n i f i c a n t  c a p i t a l  investment. 

To accomplish savings due t o  peak shaving, t h e  load p r o f i l e  
m u s t  demonstrate a no t iceable  peak i n  demand t h a t  is  a t  l e a s t  1 0 %  
higher than the mid-peak value,  i .e. ,  B should be a t  l e a s t  1 0 %  
l a r g e r  than C. I f  a s i z a b l e  peak does not occur ,  c o s t  reduct ion 
p o t e n t i a l  through peak shaving is neg l ig ib l e .  I f  t h a t  is t h e  case ,  
f u r t h e r  s t u d y  is unnecessary. I f  t h e r e  is  a s i z a b l e  peak occurr ing ,  
c o s t  reduct ion p o t e n t i a l  should be examined f u r t h e r ,  repeat ing t h e  
process  f o r  add i t iona l  months. 

T h e  generic  load p r o f i l e  ana lys i s  is  app l i cab le  fo r  most of t h e  
c o n t i n e n t a l  U n i t e d  S t a t e s .  U n u s u a l  cases ,  s u c h  a s  extremely 
h igh - l a t i t ude ,  cold-climate s i t e s  or bases w i t h  p r imar i ly  n i g h t  
ope ra t ions ,  may not follow t h i s  pa t te rn .  I t  should a l s o  be noted 
t h a t  f o r  those s i t e s  w i t h  l i t t l e  d i f f e rence  between t h e  day peak ( B )  
and evening peak ( C )  values and/or fo r  those bases  served by a 
u t i l i t y  t h a t  does not charge fo r  the peak kW demanded, peak shaving 
w i l l  not  reduce t h e  u t i l i t y  b i l l  and t h i s  a n a l y s i s  does not apply. 
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WORKSHEET B 

B1.  F i l l  i n  the Demand column of Table B-1 u s i n g  - B 1  Table B-1  
hourly load da ta  for  two average workdays and 
one normal weekend day obtained from t h e  
u t i l i t y .  I f  15-minute i n t e r v a l  data  a r e  
provided, ca l cu la t e  t h e  hourly average. Sum 
each of the three  Demand columns and e n t e r  t h e  
t o t a l  . 

8 2 .  Ca lcu la te  the average of t h e  th ree  Demand 
column t o t a l s  from Table B-1. 

B3. Calcu la te  t h e  percent  of peak demand. For 
each hour 's  e n t r y  i n  t h e  Demand column, 
d i v i d e  by the  h i g h e s t  value fo r  t h a t  day 
i n  t h e  same column and en te r  t he  r e s u l t  i n  
t h e  adjacent column, % of Peak. 

B 4 .  Determine t h e  three-hour period t h a t  bes t  
r ep resen t s  t h e  l a t e  n i g h t ,  f l a t  load level 
pexiod, A. (Look i n  Table B-1  around t h e  
per iod from 0300 t o  0 6 0 0  fo r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B5. Determine the  three-hour period t h a t  b e s t  
represents  the day peak, f l a t  load l e v e l  
per iod ,  B. (Look i n  Table B-1 around t h e  
period from 1200  t o  1 6 0 0  for  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B6.  Determine the three-hour period t h a t  bes t  
represents  t h e  e v e n i n g ,  f l a t  load l e v e l  
per iod ,  C. (Look i n  Table B-1  around t h e  
per iod  from 1900 t o  2200  f o r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B2 - 

- B3 Table B-1 

B4 - 

B5 - 

B6 - 

B 7 .  Determine the  average percentage load fo r  - B7 Table B-2 
t h e  A and C f l a t  load per iods for  each day; 
t h e  average percentage load period B is 1 0 0 % .  
F i l l  i n  Table B-2. 

f o r  t h e  three f l a t  load per iods and en te r  i n  
Table B-2. If these da ta  a r e  not a v a i l a b l e ,  
u s e  t h e  following d e f a u l t  values  fo r  t he  

B8. Determine t h e  month's average percentage load - B8 Table B-2 

' three f l a t  load periods: 

A:  L a t e  n i g h t  per iod 55% 
B: Day peak period 1 0 0 %  
C:  Evening period 85% 

B 9 .  P l o t  t h e  generic load p r o f i l e  onto Figure B-1 - B9 F i g u r e  B-1 
u s i n g  the month's average da ta  i n  Table B-2. 
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WORKSHEET B ( c o n t i n u e d )  

T a b l e  B-1. Load P r o f i l e  Hour ly  Data 

I I I I I 
I I Weekday #1 I Weekday Y2 I Weekend Day I 
I I Date: I Date: I Date: I 
I I I I I 
I I I I I I I I 
I I Demand I % of I Demand I % of I Demand I % of I 
I Hour I ( k W )  I Peak I ( k W )  I Peak I (kW) I Peak I 
I I I I 1 I I I 
I I 1 I I I 
I 0100 I I I I I I I 
I 0200 I I I I I I I 
I 0300 I I I I 1 1 I 
I 0400 I I I I I 1 I 
I 0500 I I I I I I I 
I 0600 I I I I I I I 
I 0700 I I I I I I 1 
I 0800 I I I I 1 I I 
I 0900 I I I I I I I 
I 1000 I I I I I I I 
I 1100 I I 1 I I I I 
I 1200  I I I I I I I 
I 1300 I I I I I I I 
I 1400  I I I I I I I 
I 1500 I I I I I I I 
I 1600  I I I I I I I 
I 1700 I I I I I I I 
I 1800  I I 1 I I 1 1 
I 1900 I I I I I I I 
I 2000 I I I 1 I I I 
I 2100 I I I 1 I I I 
I 2200 I I I I I I I 
1 2300 I I I I I I I 
I 2400 I I 1 I 1 I I 
I I I I I I I I 
I I I I I 

I I T o t a l  I I ---- 
I I I I I I I I 

I ---- I I ---- I 



WORKSHEET B (continued) 

Table B - 2 .  Average Percentage Load f o r  Flat Load Level Periods 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

~ 

I I I I 
Date I A: Late Night I B :  Day Peak I C: Evening I 

I I I I 
Weekday 111 1 I I 

I I 100 I I 
I I I I 
I I I I 

Weekday 112 I I 
I I 100 I I 
I I I I 

I I I I I 
I Weekend day I I 
I I I 100 I I 
I I I I I 

I I I I 
/Default Values I 55 I 100 I 85 
I I I I 
I I I I 
I I 
IMonth's Average1 I 100 I 
I I I I 

I -  
I 
I 
I 
I 
I 
I 
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WORKSHEET B (continued) 
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END OF WORKSHEET B 
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SECTION I V  

COMPONENTS OF A UTILITY B I L L :  WORKSHEET C 

T h e  u t i l i t y  b i l l  s e n t  t o  customers is based on t h e  app l i cab le  
r a t e  schedule and usual ly  includes demand, energy, and o ther  
charges.  There a l s o  may be time-of-day adjustments.  Therefore,  
c a r e f u l  examination of t h e  u t i l i t y  b i l l  w i l l  provide t h e  u n i t  c o s t  
information needed t o  determine whether or not peak shaving w i l l  be 
f i n a n c i a l l y  successful .  

U n l i k e  r e s i d e n t i a l  b i l l s ,  u t i l i t y  b i l l s  f o r  l a r g e  i n d u s t r i a l -  
commercial u se r s ,  such a s  Air Force bases ,  a r e  q u i t e  complicated. 
Worksheet C was developed t o  provide an understanding of t h e  u t i l i t y  
r a t e  s t r u c t u r e s  for  the  base u n d e r  s t u d y .  

Worksheet C is  arranged t o  analyze a u t i l i t y  b i l l  t h a t  has 
on-peak, mid-peak, and off-peak r a t e s .  I f  t h e r e  is  a f i x e d  r a t e  per 
kWh f o r  energy, t h e n  only one column needs t o  be f i l l e d .  I f  t h e r e  
a r e  no demand charges,  or t h e  r a t e s  dec l ine  w i t h  increas ing  demand 
and t o t a l  energy consumption, then cos t  reduct ion through peak 
shaving is unl ike ly ,  and f u r t h e r  ana lys i s  s h o u l d  focus on 
conservat ion.  

Worksheet C i d e n t i f i e s  t h e  key elements i n  t h e  s t r u c t u r e  of a 
t y p i c a l  u t i l i t y  b i l l  and i l l u s t r a t e s  how some surcharges a s  well  a s  
d i scoun t s  a r e  appl ied.  The most s i g n i f i c a n t  d i scount  o f f e red  by 
most u t i l i t i e s  is for  the  use of off-peak energy. T h i s  imp l i e s  t h a t  
each kWh of energy consumed d u r i n g  off-peak hours c o s t s  less than 
t h e  energy consumed during on-peak hours. T h e  de l inea t ion  of t he  
off-peak hours is  a t  t he  d i s c r e t i o n  of t h e  u t i l i t y .  Generally,  
during summer months and daytime hours, r a t e s  a r e  higher.  Some 
u t i l i t i e s  a l s o  have mid-peak r a t e s ,  which a r e  between t h e  off-peak 
and on-peak r a t e s .  

Surcharges or c r e d i t s  may be r e l a t e d  t o  t h e  power demanded i n  
kW or energy consumed i n  kWh. Examples  of surcharges  a r e  f u e l  
adjustment c lauses ,  meter charges,  and equipment r e n t a l ,  among 
o t h e r s .  Credi t s  a r e  o f t en  g i v e n  for such t h i n g s  a s  i n s t a l l i n g  
t ransformers  and adding equipment t o  c o r r e c t  t h e  power f a c t o r .  The 
u t i l i t y  b i l l  usual ly  conta ins  information regarding the  var ious 
r a t e s  and charges. 

T h e  da ta  required fo r  t h e  e n t r i e s  on Worksheet C a r e  obtained 
from t h e  u t i l i t y  b i l l  f o r  t h e  highest  demand month, which was 
selected a s  t h e  b a s i s  for ana lys i s  on Worksheet A .  For i n i t i a l  
s c reen ing ,  use of t h e  da ta  from t h e  h i g h  month is adequate. La te r ,  
or befo re  a f i n a l  commitment t o  a peak shaving technology, i t  may be 
necessary t o  do each month sepa ra t e ly  and sum t h e  r e s u l t s  for annual 
f i g u r e s ,  e s p e c i a l l y  if t h e  u t i l i t y  r a t e  schedule e x h i b i t s  s e a s o n a l i t y  
( i . e . ,  d i f f e r e n t  r a t e s  i n  summer versus w i n t e r ) .  
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WORKSHEET C 

c1. 

c 2  . 

c 3 .  

c 4  . 

c 5  0 

C6 . 

c 7  . 
C 8  . 

c 9  . 

E n t e r  t h e  peak power demand i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1 .  
( E i t h e r  u s e  t h e  u t i l i t y  b i l l  a s  t h e  source 
f o r  t h e s e  d a t a  or request  t h e  d a t a  from t h e  
u t i l i t y .  ) 

E n t e r  t h e  demand c h a r g e  r a t e s  ( $ / k W )  f o r  
on-peak, mid-peak, and o f f - p e a k  demand f o r  
t h e  d i f f e r e n t  kW r a n g e s  i n d i c a t e d  i n  T a b l e  C - 1 .  

E n t e r  t h e  a c t u a l  demand c h a r g e s  for  e a c h  
l e v e l  i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1.  Sum t h e  t h r e e  v a l u e s  t o  o b t a i n  
t h e  t o t a l  demand c h a r g e s .  (Use t h e  u t i l i t y  
b i l l  a s  t h e  source f o r  t h e s e  d a t a . )  

E n t e r  t h e  e n e r g y  consumed i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1. 
(Use t h e  u t i l i t y  b i l l  a s  t h e  source fo r  
t h e s e  d a t a . )  

E n t e r  t h e  e n e r g y  c h a r g e  r a t e s  ($/kWh) f o r  
on-peak, mid-peak, and  o f f -peak  e n e r g y  
consumption or for  t h e  d i f f e r e n t  kWh r a n g e s  
i n d i c a t e d  i n  T a b l e  C-1. 

E n t e r  t h e  a c t u a l  e n e r g y  c h a r g e s  f o r  e a c h  level  
i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1.  Sum t h e  t h r e e  v a l u e s  t o  
o b t a i n  t h e  t o t a l  e n e r g y  c h a r g e s .  (Use t h e  
u t i l i t y  b i l l  as t h e  source f o r  t h e s e  d a t a . )  

E n t e r  t h e  t o t a l  fo r  e a c h  e n t r y  i n  T a b l e  C-1 
i n  t h e  Tota l  column. 

E n t e r  t h e  s u r c h a r g e s  t h a t  are  l i s t e d  on t h e  
u t i l i t y  b i l l .  - 

a .  F u e l  a d j u s t m e n t  ( $/kwh 1 
b. Customer c h a r g e s  
c. Equipment r e n t a l  
d. RLD fund  
e. Other  
f .  Total  S u r c h a r g e s  ( s u m  C8a t h r o u g h  C 8 e )  

E n t e r  t h e  c r e d i t s  t h a t  a r e  l i s t e d  on  t h e  
u t i l i t y  b i l l .  

a. Transformer 
b, Power f ac to r  a d j u s t m e n t  
C. Other  
d. T o t a l  C r e d i t s  ( s u m  C9a t h r o u g h  C9c)  
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C 1  T a b l e  C - 1  - 

- C2 T a b l e  C-1  

- C 3  T a b l e  C - 1  

C 4  T a b l e  C - 1  - 

C5 T a b l e  C-1  

- C6 T a b l e  C - 1  

C7 T a b l e  C-1  - 

C 8 a  

C9a m 
c 9 c  
C9d 
- 
- 



WORKSHEET C ( c o n t i n u e d )  

C10. Enter  t h e  n e t  a d d i t i o n a l  c h a r g e s .  
(C8f  minus C9d) 

C 1 1 .  Enter  t h e  t o t a l  actual  payments 
(Tota l  demand c h a r g e s  from 
T a b l e  C - 1  + Total e n e r g y  c h a r g e s  
from Table  C - 1  + C10) 

L 

c10 

c11 - 
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WORKSHEET C (continued) 

Table C-1. Demand and Consumption Data 

I I I I 
I I Time of Day I I 

I I I 
I I I I I 

I Utility Bill Entry I On-peak I Mid-peak1 Off-peak1 Total I 
I I I I I I 
I I I I I 
I Peak Power Demand (kW) I I I I ----- I 
I I I I I I 
I I I 
I Demand Charge Rates ($/kW) I I I I I 
I I I I 1 I 

I 
I 

I 0 to kW I I I 

I 
I to kW I I I 
I to k W I I I 
I I I I I I 
I I I I 
I Demand Charges ( $ )  I I 1 I I 
I I I I I I 
I 0 to X kW I I I I I 
I I I I I I 

I I I I I 
I I I I I 

I X to Y kW 
I 
I Y to Z kW I I 1 I I 
I I I I I I 
I Total Demand Charges I I I I I 

I ----- 
I ----- 
I ----- 

- 
I I I I I I 
I I I 
I Energy Consumed (kwh) I I I I I 
I I I I I I 
I I I I 
I Energy Charge Rates ($/kWh)l I I I I 

I I 
I ----- I 

I I I I 

I I ----- I 0 to kWh I I I 

I I ----- I to kWh I I I 
I to kWh I I I 
I I I I I I 
I I I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Energy Charges ( $ )  I I I I I 
I I I I I 

0 to X kWh I I I I I 
I I I I I 

i X to Y kWh I I I I I 
I I I I 1 I 
I Y t o  Z kWh I I I I I 

I I I I I 
i Total Energy Charges I I I I I 

I I I I I 

END OF WORKSHEET C 
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SECTION V 

P R E D I C T I O N  OF POTENTIAL COST S A V I N G S :  WORKSHEET D 

Peak  s h a v i n g  is t h e  p r o c e s s  of r e d u c i n g  t h e  peak power l e v e l  
demanded. A r e d u c t i o n  i n  t h e  amount of e n e r g y  p u r c h a s e d  from t h e  
u t i l i t y  may a l so  o c c u r .  T h e  r e d u c t i o n  c a n  be r e p r e s e n t e d  on t h e  
g e n e r i c  l o a d  p r o f i l e  c u r v e .  For example i n  F i g u r e  3 ,  a 5% r e d u c t i o n  
due  t o  peak  s h a v i n g  is r e p r e s e n t e d  by  t h e  s h a d e d  a rea ;  t h e  
p e r c e n t a g e  reduct ion i n  e n e r g y  pu rchased  is t h e  shaded  a r e a  d i v i d e d  
by t h e  t o t a l  area under  t h e  l o a d  p r o f i l e  c u r v e .  T h e  t o t a l  area 
under  t h e  c u r v e  is t h e  s u m m a t i o n  ove r  t h e  24-hour p e r i o d  of t h e  kW 
demand times t h e  d u r a t i o n  o f  t h a t  demand: it r e p r e s e n t s  t h e  e n e r g y  
consumed. Thus ,  by u s i n g  t h e  b a s e - s p e c i f i c  g e n e r i c  load p r o f i l e  
c a l c u l a t e d  and  p l o t t e d  i n  Worksheet  B, t h e  p e r c e n t a g e  r e d u c t i o n  i n  
e n e r g y  p u r c h a s e d  from t h e  u t i l i t y ,  r e fe r red  t o  as t h e  e n e r g y  
r e d u c t i o n  f a c t o r ,  r ,  can be calculated f o r  a n y  g i v e n  l e v e l  of  peak  
s h a v i n g .  

0400 0800 1200 1600 2000 2400 
TIME OF DAY 

F i g u r e  3. Peak S h a v i n g  R e p r e s e n t e d  o n  t h e  G e n e r i c  Load 
Prof i le  Curve  

As an example ,  c a l c u l a t i o n s  h a v e  been  made u s i n g  t h e  d e f a u l t  
v a l u e s  f o r  A ,  B, and C f rom Worksheet B. For  5% peak  s h a v i n g ,  t h e  
r a t i o  o f  t h e  r e d u c t i o n  of  t h e  ene rgy  purchased t o  t h e  d a i l y  t o t a l  is 
about 0.013 or 1.3%. S i m i l a r l y ,  c a l c u l a t i o n s  fo r  1 0 %  and  15% peak  
s h a v i n g s  y i e l d  r = 0.03 and  r = 0.05, r e s p e c t i v e l y .  Peak s h a v i n g s  
of o v e r  1 5 %  are  u n l i k e l y ,  b u t  could be ca lcu la ted  i n  a s i m i l a r  
manner .  
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I n  c o n c e r t  w i t h  t h e  c a l c u l a t i o n  of e n e r g y  s a v i n g s  (when t h e y  
o c c u r )  t h a t  c o r r e s p o n d  t o  a g i v e n  peak s h a v i n g ,  i t  is  poss ib l e  t o  
p r e d i c t  d o l l a r  s a v i n g s  f o r  t h a t  l e v e l  of peak s h a v i n g .  For a n y  
g i v e n  c o u r s e  of a c t i o n  t h a t  r e s u l t s  i n  peak s h a v i n g ,  whe the r  i t  
i n v o l v e s  t h e  p u r c h a s e  a n d  i n s t a l l a t i o n  of c a p i t a l  equ ipmen t  or  t h e  
r e s c h e d u l i n g  of c e r t a i n  e n e r g y  i n t e n s i v e  a c t i v i t i e s ,  t h e  d o l l a r  
s a v i n g s  may be  p red ic t ed .  

Worksheet D p r e s e n t s  a b a s i c  methodology f o r  c a l c u l a t i n g  
e n e r g y  s a v i n g s  and d e t e r m i n i n g  t h e  d o l l a r  s a v i n g s  t h a t  c o r r e s p o n d  t o  
a r e d u c t i o n  of kW demanded a n d  kWh e n e r g y  consumed. T h e  s a v i n g s  
c o n s i s t  of t h e  s u m  of c h a n g e s  i n  demand, e n e r g y ,  s u r c h a r g e s ,  a n d  
c r e d i t s  r e s u l t i n g  from t h e  peak s h a v i n g .  T h r e e  a l t e r n a t i v e  methods  
t h a t  a r e  v a r i a t i o n s  of t h e  bas ic  methodology,  s t a r t i n g  w i t h  a q u i c k  
b u t  s imple s c r e e n i n g  a n d  p r o c e e d i n g  t o  a more a c c u r a t e  b u t  t e d i o u s  
way of e s t i m a t i n g  t h e  a n n u a l  e n e r g y  and  demand c o s t  s a v i n g s ,  a r e  
p r e s e n t e d  f o r  e s t i m a t i n g  t h e  a n n u a l  s a v i n g s .  The pred ic ted  s a v i n g s  
a r e  compared w i t h  t h e  n e c e s s a r y  i n v e s t m e n t  t o  d e t e r m i n e  economic  
f e a s i b i l i t y  i n  t h e  n e x t  s e c t i o n .  
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WORKSHEET D 

Basic Methodology I 
D 1 .  Mark the  5%, l o % ,  and 15% peak shaving l eve l s  

on t h e  gener ic  load p r o f i l e  curve, Figure B-1 
of Worksheet B. 

D 2  . Calcula te  t h e  energy reduction f a c t o r ,  r ,  
corresponding t o  the  5%, l o % ,  and 15% peak 
shaving levels.  D i v i d e  t h e  area t h a t  
r ep resen t s  t h e  5 % ,  l o % ,  and 1 5 %  reduct ion 
levels by t h e  t o t a l  a rea  under t h e  gener ic  
load p r o f i l e  curve. 

a .  5% energy reduct ion fac tor  
b. 1 0 %  energy reduct ion fac tor  
c. 15% energy  reduct ion fac tor  

If t h e  d e f a u l t  generic  load p r o f i l e  curve  was 
used f o r  Figure B-1 ,  en t e r  t h e  d e f a u l t  va lues  
a s  follows: 

fo r  5% reduct ion,  r = 0.013 
fo r  1 0 %  reduct ion,  r = 0.03 
f o r  15% reduct ion,  r = 0.05 

D3. Ca lcu la t e  the  energy reduction fo r  t h e  month 
under a n a l y s i s  for  each level of peak shaving. 

a .  f o r  5%, D2a x A13 
b. f o r  l o % ,  D2b x A 1 3  
C .  f o r  15%, D2c x A 1 3  

D 4 .  Ca lcu la te  t h e  d o l l a r  savings d u e  t o  t h e  
reduct ion of energy consumption. Use 
the  h i g h e s t  C5 e n t r y  from Worksheet C ,  w h i c h  
is t h e  energy r a t e  i n  $/kWh. Enter the  d o l l a r  
sav ings  fo r  t h e  5%,  l o % ,  and 15% reduct ion 
levels  i n  Table D - 1 .  

a .  f o r  5%, D3a x C5 
b. fo r  l o % ,  D3b x C 5  
C. f o r  15%, D3C X C5 

D5. Ca lcu la t e  t h e  peak demand reduction for  t h e  
5%, l o % ,  and 15% reduct ion l eve l s .  

a .  f o r  5%, A l l  X 0.05 
b.  f o r  l o % ,  A l l  x 0.10 
C .  f o r  15%, A l l  X 0.15  1 

I 
D 6 .  Ca lcu la te  t h e  d o l l a r  savings d u e  t o  t h e  

reduct ion  of peak demand. Use t h e  h i g h e s t  
C 2  e n t r y  from Worksheet C ,  which i s  t h e  
demand r a t e  i n  $/kW. Enter the d o l l a r  
sav ings  f o r  t h e  5%, l o % ,  and 15% reduct ion 
l e v e l s  i n  Table D - 1 .  

a .  f o r  5%, D5a x C 2  
b. f o r  l o % ,  D5b X C 2  
C .  f o r  15%, D5C X C 2  

D 1  - Fiqure B-1 

D2a 
D2b 
D2c 

- 
- 
- 

D3a m 
E 

D 4  - Table D - 1  

D5a 
b56 ~ - 
D5c 

- D 6  Table D - 1  
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WORKSHEET D (continued) 

D7 . 

D8 . 

D9 . 

Calculate the surcharge reduction, if 
applicable, and enter in Table D-1. For 
an energy-related surcharge (i.e, $/kWh), 
the dollar savings would be as follows: 

a. for 5%, surcharge rate from C8 entry x D3a 
b. for lo%, surcharge rate from C8 entry x D3b 
c .  for 15%, surcharge rate from C8 entry x D3c 

For a demand-related surcharge (i.e., $/kW), the 
dollar savings would be as follows: 
d. for 5%, surcharge rate from C8 entry x D5a 
e. for lo%, surcharge rate from C8 entry x D5b 
f. for  15%, surcharge rate from C8 entry x D5c 

Calculate the credit increase, if applicable, 
and enter in Table D-1. For an energy-related 
credit (i.e., $/kWh), the dollar savings would 
be as follows: 

a. for 5%, credit rate from C9 entry x D3a 
b. for lo%, credit rate from C9 entry x D3b 
c .  for 15%, credit rate from C9 entry x D3c 

For a demand-related credit (i.e., $/kW), the 
dollar savings would be as follows: 

a.  for 5%, credit rate from C9 entry x D5a 
b. for lo%, credit rate from C9 entry x D5b 
c. for 15%, credit rate from C9 entry x D5c 

Determine the potential monthly dollar 
savings due to peak shaving by summing the 
data in Table D-1. 

D7 Table D-1 

D8 Table D-1 - 

D9 Table D-1 - 

Annual Savinas - Approximate Method 
This method will overstate the annual savings. 

D10. To approximate the annual savings due to 
peak shaving, multiply the Monthly Dollar 
Savings by 12 in Table D-1. 

Annual Savings - Improved Method 
D11. Do steps D3 through D8 of the basic 

methodology using A15 and A14 in place 
of A13 and All, respectively. 

Step D3: D2a X A15 
D2b X A15 
D2c x A15 

Step D4: Dlla x C5 
Dllb X C5 
DllC X C5 
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Dlla m 
Dllc - 
Dlld - Table D-2 



Step D 5 :  

S t e p  D6: 

S t e p  D7: 

S t e p  D 8 :  

WORKSHEET D ( c o n t i n u e d )  

A 1 4  X 0 .05  
A14 x 0.10 
A14 x 0.15 

D l l e  x C2 

D l l g  x C2 
D l l f  X C2 

Dl l a  x C 8  
D l l b  x c8 
Dl l c  x C 8  

D l l e  x C9 
D l l f  X C9 
D l l g  X C9 

D12. D e t e r m i n e  t h e  p o t e n t i a l  a n n u a l  d o l l a r  s a v i n g s  
d u e  t o  peak s h a v i n g  by  summing t h e  data  i n  
Table D-2. 

Annual  S a v i n s s  - More A c c u r a t e  Method 

T h i s  method p r o d u c e s  t h e  same r e s u l t s  as t h e  
improved  method when t h e  e n e r g y  and demand c h a r g e  
r a t e s  i n  e n t r i e s  C 5  and  C 3  do n o t  v a r y  w i t h  t h e  
e n e r g y  a n d  demand l e v e l s .  

D 1 3 .  Do s teps  D 3  t h r o u g h  D 8  of t h e  bas i c  
methodology t w e l v e  ( 1 2 )  times, o n c e  fo r  
e a c h  month. Use e a c h  mon th ' s  e n e r g y  
and  demand d a t a  f rom T a b l e  A - 1  i n  place 
of A13 and  A l l ,  r e s p e c t i v e l y .  Also  u s e  t h e  
a p p r o p r i a t e  e n e r g y  a n d  demand r a t e  t o  match  
t h e  e n e r g y  and  demand v a l u e s  f o r  steps D4 
and  D6. Use T a b l e  D-3  t o  e n t e r  t h e  r e s u l t s  
f r o m  e a c h  step.  

D14. D e t e r m i n e  t h e  p o t e n t i a l  a n n u a l  d o l l a r  
s a v i n g s  due  t o  peak s h a v i n g .  F i l l  i n  
T a b l e  D-4 w i t h  t h e  appropr ia te  d a t a  
from Table D-3 and  sum. 

D l l e  
D l l f  
Dllq 

D l l h  T a b l e  D-2 - 

D l l i  Table D-2 

D l l j  T a b l e  D-2 

D12 Table  D-2 - 

D 1 3  Table  D - 3  - 

- D14 T a b l e  D-4 
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WORKSHEET D (continued) 

Table D-1. Potential Annual Dollar Savings - Approximate Method 
I I 
I Contribution I Percent Peak Shaving - 
I to I I 
I Dollar Savings I I I I 

I 5% I 10% I 15% I 
I I I I I 
I I I I I 
I 04 Energy I 
I Dollar Savings I 
I I 
I 
I 
I 
I 

. I  
I 
I 
I 
I 
I 

D6 Demand I I I 
Dollar Savings I 

I 
D7 Surcharge I 

Dollar Savings I 
I 

D8 Credit I 
Dollar Increase I I I 

I I I 
I 

I Monthly Dollar I 
I Savings I 
I (D4 + D6 + D7 - D8) I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I I 
I Annual Dollar I 
I Savings I I I I 
\(Monthly Savings X 12) I I I I 
I I I I I 
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Table  D- 

WORKSHEET D ( c o n t i n u e d )  

. P o t e n t i a l  Annual Dol lar  S a v i n g s  - ,.nprovec Method 

I I I 
I Con t r  ibu  t i  on I P e r c e n t  P e a k  Shaving I 
I to I I 
I D o l l a r  S a v i n g s  I I I I - 
I I 5% I 10% I 1 5 %  I 
I I I I I 
I I I 
I D4 Energy 
I Dollar S a v i n g s  
I 
I D 6  Demand 
I Dollar S a v i n g s  
I 
I D 7  Surcharge  
1 D o l l a r  S a v i n g s  
I 
I D8 C r e d i t  
I D o l l a r  I n c r e a s e  

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I I 
1 Annual D o l l a r  I I I 
I S a v i n g s  I I I I 
I (D4 + D 6  + D 7  - D8) I I I I 
I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

Table  D-3. Bas ic  Methodology S t e p s  D3 through  D8 
A p p l i e d  t o  More A c c u r a t e  Method 

I I I 
I I S T E P S  I 
I Month I I 
I I D 3  I D4 I DS I D6 I D7 I D 8  I 
I I I I I 
I Jan I I I I I I I 
I I I I I I I I 
I I I I I I I I 
1 Feb I I I I I I I 
I I I I I I I I 
I I I I I I I 
I Mar I I I I I I I 

I Apr I I I I I I I -  
I I I I I I I I 
I I I I I I I I 
I May I I I I I I I 
I I I I I I I I 
I I I I I I I 
I Jun I I .  I I I I I 
I I I I I I I I 
I I I I I I I 
I J u l  I I I I I I I 
I I I I I I 1 I 
I I I I I I I 
I Aug I I I I I I I 
I I I I I I I I 
I I I I I I 
I Sep I I I I I I I 
I I I I I I I I 
I I I I I 
I Oct I I I I I I I 
I I I I I I I I 
I I I I I 
I Nov I I I I I I 1 
I I I I I I I I 
I I I 
I Dec I I I I I I I 
I I I I I I I I 

-28- 



WORKSHEET D ( c o n t i n u e d )  

Table  D-4. Annual S a v i n g s  from More Accurate  Method f o r  
5% Peak Shaving 

I I Energy I Demand ISurchargel C r e d i t  I T o t a l  Monthly 1 
I Month I S a v i n g s  I S a v i n g s  I Sav ings  I I n c r e a s e s l  S a v i n g s  I 
I I (D4) I ( D 6 )  I (D7) I ( D 8 )  I (D4 + D 6  + 07 - D 8 )  I 

I I I I I I 
I Jan I I I I I 
I I I I I I 1 
I I I 1 
I Feb I I I I I I 
I I I ’  I I t I 
I I I I 
I Mar I I I I I I 
I I I I I I I 
I 1 I I I 
I Apr I I I I I I 
I I I I I I I 
1 I I 1 I 
I May I I I I I 1 

~ 

I I I I I I I 
I I I I 
I Jun I I I I I I 
I I I I I I I 
I 1 
I J u l  I I I I I I 
I I I I I I I 
I I I 1 1 I 
I Aug I I I I I I 
I I I I I I I 
I I I I I 1 
I Sep  I I I I 1 I 
I I I I I I I 
I I I I I 
I O c t  I I I I I 1 
I I I I I I I 
I I I I I I 

Nov I I I I I 1 
I I I I I I 

I I I I 
Dec I I I I I I 

I I I I I I 
1 I 

Total I I I I 1 I 
Annual I I I I I I 
S a v i n g s  1 1 I I I I 

I I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

Table D-4. Annual S a v i n g s  from More Accurate  Method 
f o r  1 0 %  P e a k  Shaving ( c o n t i n u e d )  

I I I I I I I 
I I Energy I Demand / S u r c h a r g e )  C r e d i t  I T o t a l  Monthly I 
I Month I Savings  I S a v i n g s  I S a v i n g s  I I n c r e a s e s l  S a v i n g s  I 
I I (D4) I (D6) I (07) I (D8) l(D4 t D6 t D7 -D8)1 
I I I I I I I 

~ 

I I I I 1 -  ~ I 
I Jan I I I I I 
I I I I I I I 
I I I I I I 
I Feb I I I I I I 
I I I I I I I 
I I I I I I 
I Mar I I I I I I 

I Apr I I I I I I 
I I I I I I I 
I I I I 
I May I I I I I I 
I I I I I I I 
I I I I I I 
I Jun I I I I I I 
I I I I I I I 
I 1 I I I I I 
I J u l  I I I I I I 
I I I I I I I 
I I I I 
I Aug I I I I I I 
I I I I I I I 
I I I I 
I Sep I I I I I I 
I I I I I I I 
I I I 
I O c t  I I I I I I 

I I I I I I 
I Nov I I I I I 
I I I I I I I 
I I I I 
I Dec I I I I I I 
I I I I I I I 
I I I I I 
ITotal I 
!Annual I 
I S a v i n g s  I 
I I 

I I I 
I I I 
I I I 
I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-4. Annual  S a v i n g s  from More Accurate Method 
fo r  15% Peak S h a v i n g  ( c o n t i n u e d )  

I I I I I I I 
I I Energy I Demand I S u r c h a r g e l  C r e d i t  I T o t a l  Monthly I 
I Month I S a v i n g s  I S a v i n g s  I S a v i n g s  IIncreasesl S a v i n g s  I 
I I (D4) I (D6)  I (D7) I ( D 8 )  l (D4  + D6 + D7 - D 8 ) 1  
I I I I I I I 
I I I I 
I J an  I I I I I I 

I I I I 1 I I 
I Feb  I I I I I I 
I I I I I I I 
I I I I 1 I 
I Mar I I I I 1 I 
I I I I I I I 
I I I 
I Apr t I I I I I 
I I I I I 1 I 
I I I I 
I May I I 1 I 1 I 
I I I I I I I 
I I I I I 1 
I Jun I I I I I 
I I I I I I I 
I I I 
I J u l  I I I I I I 
I I I 1 I I I 
I I I 1 
I Aug I I I I I 1 
I I I I I I I 
I I 1 
I S e p  I I I I I I 
I I I I I I I 
I I 1 
I O c t  I I I I I I 
I I I I I I I 
I I 
I Nov I I I I I I 
I I I I I I I 
I I I 
I Dec I I I I I I 
I I I I I I 1 
I 1 I 
!Total I I I I 1 
IAnnua l  I I I I I 
I Sav ings  I I I I I - 
I I I I I I I 

END OF WORKSHEET D 
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SECTION V I  

ECONOMIC F E A S I B I L I T Y  EVALUATION:  WORKSHEET E 

There a r e  a v a r i e t y  of  techniques t h a t  can be used for  peak 
shaving a t  a base. The goal of  t h i s  worksheet is  t o  provide a 
method t o  es t imate  t h e  t o t a l  p ro jec t  c o s t  and provide s u f f i c i e n t  
information t o  determine w h i c h  techniques may be most s u i t a b l e  fo r  
t h e  base under  s t u d y .  

T h e  r e s u l t  of Worksheet D i s  t h e  p o t e n t i a l  annual energy 
savings t h a t  could be  a t t r i b u t e d  to  a 5%, l o % ,  and 15% reduct ion i n  
t h e  peak demand and assoc ia ted  energy consumption a t  t h e  base. T h e  
n e x t  s t ep  of t h e  a n a l y s i s  requi res  a determinat ion of an econom- 
i c a l l y  v i a b l e  technique fo r  accomplishing t h e  reduct ions.  T h u s ,  an 
economic eva lua t ion  leading t o  proof of c o s t  e f f e c t i v e n e s s  is needed 
t o  g u i d e  t h e  s e l e c t i o n  of a peak shaving technique p r i o r  t o  making 
an investment decis ion.  

A c o s t - e f f e c t i v e  method t o  reduce t h e  u t i l i t y  b i l l  by peak 
shaving is  one t h a t  provides dol la r  savings g r e a t e r  than the  
expendi tures  over t h e  economic l i f e  of t h e  p r o j e c t .  W i t h  t h e  
p o t e n t i a l  annual d o l l a r  savings known, t h e  maximum expendi ture ,  
which i n c l u d e s  both t h e  c a p i t a l  i n v e s t m e n t  and t h e  annual opera t ions  
and maintenance c o s t s ,  fo r  a cos t -e f fec t ive  p r o j e c t  can be es t imated 
and compared aga ins t  the  c o s t  of t h e  a l t e r n a t i v e  techniques.  

There a r e  a v a r i e t y  of m e t h o d s  fo r  determining cos t  e f f ec -  
t i v e n e s s .  T h e  Air Force L i f e  Cycle Costing Handbook fo r  t h e  Energy 
Conservation Investment Programs ( E C I P )  (Reference 2 ) ,  u t i l i z e s  four 
'*modes of ana lys i s "  fo r  p o t e n t i a l  A i r  Force p r o j e c t s ;  these  a re :  

(1) Savings-to-Investment Rat io  ( S I R )  
( 2 )  Discounted Payback Period (DPB)  
( 3 )  Simple Payback Period (SPB)  
( 4 )  Energy-to-Cost Ratio ( E C R )  

T h e  f i r s t  two modes of ana lys i s  a r e  u s e d  i n  t h i s  guidebook a s  . 
t h e  b a s i s  f o r  determining which peak shaving techniques a r e  best  
s u i t e d  t o  a base ' s  energy reduction p o t e n t i a l .  T h e  assumptions and 
methodology described herein a r e  cons i s t en t  w i t h  t he  E C I P  gu ide l ines  
and a r e  based on t h e  National Bureau of Standards Handbook-135 
(NBS-135), Life-Cycle Cost Manual f o r  t h e  Federal  Energy Management 
Program (Reference 3 ) .  

T h e  savings-to-investment r a t i o  (SIR) i s  t h e  primary method 
used by t h e  Air Force fo r  ranking p o t e n t i a l  energy conservation 
p r o j e c t s .  I t  is a numerical r a t i o  ca l cu la t ed  w i t h  t h e  reduct ion i n  
energy c o s t s ,  n e t  of increased n o n - f u e l  opera t ion  and maintenance 
c o s t s ,  a s  t h e  numerator, and t h e  increase i n  i n v e s t m e n t  c o s t s ,  m i n u s  
increased salvage values  p l u s  increased replacement c o s t s ,  a s  t h e  
denominator; a l l  amounts a r e  expressed a s  p re sen t  values.  An S I R  
g r e a t e r  than one ( 1 . 0 )  i n d i c a t e s  t h a t  t h e  investment is cost-  
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effective; the higher the ratio, the greater the dollar savings per 
dollar spent and the more attractive the investment. 

SIR = [ A E  - AM] + [ A I  - A S  + ARI 

where: 

A E  is the Reduction in Energy Costs 
AM is the Differential Non-fuel O&M Cost 
A I  is the Differential Investment Cost 
AS is the Differential Salvage Value 
AR is the Differential Replacement Cost 

All amounts are expressed as present values. 

The discounted payback period (DPB) is the time required for 
the cumulative savings from an energy conservation investment to 
offset, or "pay back," the initial investment cost plus cumulative 
future costs, taking into account the timing of the cash flows. The 
shorter the time, the more attractive the investment. 

Y 
DPB = Y when [ A E  0 -AM - A R  ] = A I  

0 0 

where: 
AI is the Differential Investment Cost 
A E ~  is the Reduction in Annual Energy Costs 
AMo is the Differential Annual Non-fuel O&M Cost 
ARo is the Differential Annual Replacement Cost 

All amounts are expressed as present values; the subscripted amounts 
are the yearly amounts in constant dollars. 

To obtain the present value, in constant dollars, of the yearly 
cost, the cost must be discounted using the Department of Energy's 
real "Discount Factors Adjusted For Average Fuel Price Escalation" 
(Reference 4 )  and a real 7% discount rate. 

In applying these modes of analysis to the peak shaving 
techniques, two main objectives are to be achieved: 

(1) To identify cost-effective projects 
( 2 )  To identify those projects that will result in the 

greatest return to the Air Force budget 

Achieving the first objective only requires that an SIR be greater 
than one (1.0) or the DPB be less than the system economic life. 
Achieving the second objective requires that a project do much 
better than meeting the minimum SIR or maximum DPB; for this 
objective the greater the SIR or the smaller the DPB, the more 
attractive the project. 
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I n  r e c e n t  y e a r s ,  t h e  A i r  Fo rce  h a s  f u n d e d  p ro jec t s  w i t h  a DPB 
i n  t h e  r a n g e  from t h r e e  t o  s i x  y e a r s .  Depending  on t h e  s y s t e m  
economic l i f e  of t h e  p r o j e c t ,  t h i s  r a n g e  imp l i e s  a n  S I R  i n  t h e  r a n g e  
o f  1 , 5  t o  4 .5 . l  
a r a n g e  o f  DPB v a l u e s  and  d i f f e r e n t  s y s t e m  economic  l i v e s .  Thus ,  by 
a s s u m i n g  a t a r g e t  SIR or DPB v a l u e ,  i n  c o n j u n c t i o n  w i t h  t h e  
p o t e n t i a l  a n n u a l  s a v i n g s  d e t e r m i n e d  i n  Workshee t  D ,  a n  e s t i m a t e  o f  
t h e  t o t a l  p ro j ec t  c o s t ,  i n c l u d i n g  b o t h  t h e  i n i t i a l  i n v e s t m e n t  cos t  
and  t h e  a n n u a l l y  r e c u r r i n g  o p e r a t i o n s  and  m a i n t e n a n c e  costs ,  t h a t  
meets t h e s e  o b j e c t i v e s  c a n  b e  made. By compar ing  t h e  estimate o f  
t o t a l  p ro j ec t  cos t  d e r i v e d  i n  t h i s  manner w i t h  t h e  expected p ro jec t  
cos t  f o r  a s p e c i f i c  t e c h n i q u e ,  t h e  base c i v i l  e n g i n e e r  c a n  d e c i d e  
w h e t h e r  or n o t  f u r t h e r  a n a l y s i s  and more d e t a i l e d  s t u d i e s  s h o u l d  be 
p u r  s u e d .  

T a b l e  1 i n d i c a t e s  t h e  a p p r o x i m a t e  S I R  v a l u e s  f o r  

Table  1. Approximate SIR V a l u e s  f o r  Range o f  DPB V a l u e s  a n d  
D i f f e r e n t  Sys tem Economic L i v e s  

I I I 
I DPB I System Economic L i f e  I 
I I I 
I I 10 1 5  20 25  I 
I 1 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 I 2.68 

4 I 2.07 

5 I 1 . 7 1  

6 I 1 .47 

7 I 1.30 

8 I 1.18 

9 I 1.08 

1 0  I 1.00 

I 

I 

I 

I 

I 

I 

I 

3.48 

2.69 

2.22 

1 .91  

1.69 

1 .53  

1 . 4 0  

1 .30  

4 .04 

3.12 

2.58 

2.22 

1 .96  

1 .77  

1 .62  

1 .51 

4.45 I 
I 

3.44 I 
I 

2.84 I 
I 

2.44 I 
I 

2.16 I 
I 

1.95  I 
I 

1 .79  I 
I 

1.66 I 
I I I 
I I 
Assumpt ions :  I 

o C o n s t a n t  a n n u a l  r e t u r n s  o v e r  s y s t e m  economic  l i f e  I 
o I n v e s t m e n t  cos t  i n  f i r s t  y e a r  1 
o No d i f f e r e n t i a l  e s c a l a t i o n  r a t e s  I 

is  small 1 
I 

0 Rat io  of a n n u a l  m a i n t e n a n c e  c o s t  t o  i n v e s t m e n t  c o s t  I 

l T h i s  r a n g e  is approximate a n d  assumes no d i f f e r e n t i a l  f u e l  
e s c a l a t i o n  and  c o n s t a n t  a n n u a l  s a v i n g s  o v e r  t h e  l i f e  o f  t h e  s y s t e m .  
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T h e  methods f o r  r e d u c i n g  e l e c t r i c  u t i l i t y  c o s t s  v a r y  w i d e l y ;  
s i x  me thods  a r e  d i s c u s s e d  i n  t h e  I n t r o d u c t i o n  t o  t h i s  g u i d e  book.  
Three  methods - i n t e r c o n n e c t i o n ,  e n e r g y  c o n t r o l  n e t w o r k s ,  a n d  
o n - s i t e  power g e n e r a t i o n  - are  d i s c u s s e d  here. 

A. INTERCONNECTION 

Many Air F o r c e  bases ,  p r i m a r i l y  d u e  t o  i n c r e m e n t a l  g rowth  a n d  
c o n s t r u c t i o n  ove r  t h e  y e a r s ,  h a v e  m u l t i p l e  p o i n t s  of e n t r y  f o r  
purchased e l e c t r i c i t y .  Each p o i n t  of e n t r y  on  t h e  base h a s  a master 
meter f rom t h e  same o r  d i f f e r e n t  u t i l i t y  company. I n t e r c o n n e c t i o n  
c o n s o l i d a t e s  t h e  s o u r c e  o f  e l e c t r i c  power s u p p l y  t o  o n e  master 
meter. (Though n o t  d i s c u s s e d  he re ,  t h e  p r i n c i p l e s  b e h i n d  
i n t e r c o n n e c t i o n  c a n  a l s o  b e  a p p l i e d  i n  r e v e r s e  unde r  c e r t a i n  
c o n d i t i o n s .  Some u t i l i t y  company r a t e  s t ruc tu res  may p r o v i d e  
i n c e n t i v e s  t o  increase t h e  number o f  meters, h e n c e  i s o l a t i n g  t h e  
peak t o  o n e  c e r t a i n  m a s t e r  meter.) 

The  c o s t  s a v i n g s  t h a t  can be d e r i v e d  from t h e  i n t e r c o n n e c t i o n  
t e c h n i q u e  occur  because t h e  peak demand t h r o u g h  a master meter may 
be cons iderably  less t h a n  t h e  s u m  o f  t h e  peaks f rom s e v e r a l  meters. 
T h a t  o c c u r s  p r i m a r i l y  when t he re  are t i m i n g  d i f f e r e n c e s  i n  t h e  
o c c u r r e n c e  of t h e  s e p a r a t e  peaks. C o n s o l i d a t i o n  w i l l  reduce t h e  
demand c h a r g e s  i f  t h e  demand charge r a t e  is t h e  same f o r  a l l  l e v e l s  
of demand a n d  may r e d u c e  t h e  demand c h a r g e s  i f  t h e  r a t e  v a r i e s  fo r  
d i f f e r e n t  levels  of demand. An a d d i t i o n a l  cost  s a v i n g s  t h a t  is n o t  
o b v i o u s  i n i t i a l l y  c a n  o c c u r  b e c a u s e  some u t i l i t i e s  c h a r g e  a f i x e d  
fee f o r  each master meter. T h u s ,  m u l t i p l e  master meters would 
i n c r e a s e  t h e  u t i l i t y  c h a r g e s  by  a n  amount p r o p o r t i o n a l  t o  t h e  number 
of master meters i n  use a t  a s i te .  C o n s o l i d a t i o n  t h r o u g h  i n t e r -  
c o n n e c t i o n  would r e d u c e  t h e s e  f i x e d  charges.  

To d e t e r m i n e  i f  i n t e r c o n n e c t i o n  is a v i a b l e  t e c h n i q u e ,  t h e  
s t e p s  o u t l i n e d  i n  t h i s  gu idebook  s h o u l d  be m o d i f i e d  t o  e v a l u a t e  
whe the r  or no t  peak s h a v i n g  occurs w i t h  i n t e r c o n n e c t i o n .  B a s i c a l l y ,  
t h e  s teps  o u t l i n e d  i n  Worksheets A a n d  B s h o u l d  be followed fo r  each 
meter s e p a r a t e l y .  Next ,  t h e  g e n e r i c  load p r o f i l e s  a r e  compared t o  
d e t e r m i n e  whether  o r  n o t  t h e  peaks occur a t  t h e  same time. I f  t h e y  
occur a t  t h e  same time, t h e  peak demand w i l l  n o t  be s i g n i f i c a n t l y  
r e d u c e d  a n d  t h e  o n l y  c o s t  s a v i n g s  w i l l  come from t h e  r e d u c t i o n  i n  
f i x e d  charges. I f ,  on t h e  o ther  hand ,  t h e  peaks o c c u r  a t  d i f f e r e n t  
times, t h e n  it is v e r y  l i k e l y  t h a t  t he re  w i l l  be  s a v i n g s  due  t o  peak 
s h a v i n g  i n  a d d i t i o n  t o  r e d u c i n g  t h e  f i x e d  c h a r g e s .  These  s a v i n g s  
c a n  be e s t i m a t e d  by f o l l o w i n g  t h e  steps o u t l i n e d  i n  Worksheets A a n d  
B for  t h e  data f rom a l l  t h e  meters added toge ther  as i f  i t  were fo r  
o n e  meter a n d  s u b t r a c t i n g  t h e  peak demand from t h e  sum of t h e  
separate peaks. 

T h e  d o l l a r  s a v i n g s  d u e  t o  t h e  i n t e r c o n n e c t i o n  t e c h n i q u e  c a n  
t h e n  be estimated u s i n g  Workshee t  D, s u b s t i t u t i n g  t h e  demand s a v i n g s  
d e t e r m i n e d  i n  t h e  manner descr ibed a b o v e  i n  t h e  appropriate  e n t r i e s .  
F i n a l l y ,  t h e  do l la r  s a v i n g s  a re  used  t o  estimate t h e  t o t a l  project  
cost  on Worksheet E. T h e  s y s t e m  l i fe t ime fo r  i n t e r c o n n e c t i o n  is 
u s u a l l y  15 y e a r s .  
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B. ENERGY MANAGEMENT AND CONTROL SYSTEMS 

There a r e  many d i f f e r e n t  types of con t ro l  s y s t e m s  t h a t  a r e  
used for  a v a r i e t y  of purposes a t  Air Force f a c i l i t i e s .  Those 
assoc ia ted  w i t h  peak shaving a r e  commonly labeled:  energy management 
and con t ro l  s y s t e m s ,  c e n t r a l  supervisory c o n t r o l s  ( C S C ) ,  r ad io  
con t ro l  s y s t e m s  ( R C S ) ,  energy monitoring s y s t e m s  ( E M S ) ,  etc.  ( I n  
add i t ion  t o  these var ious automated cont ro l  devices ,  many Air Force 
bases have a plan t h a t  is implemented when t h e  u t i l i t y  company 
n o t i f i e s  a base o f f i c i a l  t h a t  peak shaving is  required.  Though not 
d i scussed  here ,  telephone n o t i f i c a t i o n  of p re - iden t i f i ed  
o rgan iza t ions  on a base is o f t en  accomplished v i a  t h e  Base Energy 
Action Plan ( B E A P ) ,  t h e  Demand Avoidance Plan ( D A P ) ,  e t c . )  

Energy management and control sys tems comprise in t eg ra t ed ,  
computer-based information systems and con t ro l  equipment t h a t  
accomplish energy savings fo r  heating, v e n t i l a t i n g ,  a i r  
condi t ion ing ,  process equipment, l i g h t i n g ,  c h i l l e r s ,  and b o i l e r s .  A 
r e l a t e d  technique t h a t  is  compatible w i t h  EMCS i s  t h e  rad io  con t ro l  
system. Both of these  s y s t e m s  achieve peak shaving by monitoring 
and c o n t r o l l i n g  t h e  e l e c t r i c a l  demand for  t he  base. These types of 
systems can automatical ly  cyc le  e l e c t r i c a l  equipment t o  reduce t h e  
demand under predetermined conditions.  T h e  number of cycles  and t h e  
length of a cycle  can be var ied  t o  meet var ious  reduction 
requirements. 

T h e  modern EMCS is  an e f f i c i e n t  and cos t - e f f ec t ive  technique 
fo r  reducing energy consumption and peak demand without s i g n i f i c a n t l y  
a f f e c t i n g  t h e  s e rv i ces  rendered and comfort provided. EMCS is being 
used ex tens ive ly  i n  modern b u i l d i n g s  and r e t r o f i t t e d  for  use i n  
ol der s t r uc t u r  es . 

To determine i f  EMCS i s  a viable  peak shaving technique, 
complete Worksheets A through E .  Compare the  est imated p ro jec t  cos t  
w i t h  t h e  expected cos t s  for  d i f f e r e n t  types of EMCS and/or RCS t o  
determine w h i c h ,  i f  any, should be pursued f u r t h e r .  T h e  s y s t e m  
l i f e t i m e  for  EMCS i s  usua l ly  15 years. 

C. ON-SITE POWER GENERATION 

On base resources  ex i s t  or can be i n s t a l l e d  t o  produce 
e l e c t r i c i t y  i n  order t o  avoid a peak i n  purchased u t i l i t y  power. 
For bases w i t h  simultaneous e l e c t r i c a l  and thermal loads 
cogeneration is a p o t e n t i a l  peak-shaving technique. For bases w i t h  
cons iderable  emergency or standby generator capac i ty ,  these  a s s e t s  
can be brought on-line t o  supplement t h e  demand placed upon t h e  
l o c a l  u t i l i t y  company. 

Cogeneration is t h e  simultaneous production of usable thermal 
energy and e l e c t r i c a l  energy from a s i n g l e  source.  I t  can save 
energy by  achieving b e t t e r  e f f ic iency  i n  meeting energy requirements. 
Cogeneration is an on-s i te  generation technique t h a t  reduces t h e  
demand from t h e  u t i l i t y  because t h e  base is genera t ing  i t s  own 
power. However, t h e  demand savings a r e  not  t h e  only savings 
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a t t r i b u t a b l e  t o  cogeneration; t h e r e  a r e  f u e l  savings a s  w e l l .  
Because of these d i f f e r e n t  f a c t o r s ,  determining t h e  economic 
f e a s i b i l i t y  of a cogeneration system can be f a i r l y  complex. T h u s ,  
t h e  Air Force provides a v a r i e t y  of computational t o o l s  and da ta  t o  
eva lua te  cogeneration sys t em opt ions .  

Other o n - s i t e  power generat ion techniques t h a t  may be 
considered include t h e  u s e  of backup or standby e l e c t r i c a l  power 
genera tors  or a dedicated on-s i te  power p l a n t ,  which m i g h t  be a 
renewable energy source.  T h e s e  systems a l s o  reduce t h e  demand from 
t h e  u t i l i t y  because the  base is generating i t s  own power during the  
peak demand. 

To determine i f  on - s i t e  power generat ion is  a v i ab le  
technique,  complete Worksheets A through E. T h e  estimated p r o j e c t  
c o s t  w i l l  be based on energy savings alone and w i l l  not  provide the  
complete p i c tu re ,  w h i c h  should include f u e l  savings a s  well. 
However, t h e  comparison of t h i s  amount w i t h  t h e  expected p r o j e c t  
c o s t  should provide s u f f i c i e n t  information regarding whether or not  
t o  pursue fur ther  a n a l y s i s .  T h e  system l i fe t ime fo r  on-si te  
genera t ion  systems is usua l ly  25 years.  
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WORKSHEET E 

E l .  Enter t h e  DOE Region number for t he  base 
loca t ion .  

E l  - 

E 2 .  Enter t h e  UPW Discount Factor Adjusted f o r  
Average F u e l  P r i ce  Esca la t ion  for  i n d u s t r i a l  
e l e c t r i c i t y  and a 7 %  discount  r a t e  (use Ref. 4 ) .  

a .  1 0  years E2a 
b. 15 years  E2b 
c .  20 i e a r s  
d .  25 years  

E2c - 
E2d 

E 3  Table E - 1  - E 3 .  Enter t h e  present  value (PV)  of t h e  5%,  l o % ,  
and 15% savings for  sys t em l i f e t i m e s  of 
1 0 ,  15, 2 0 ,  and 25 years  i n  T a b l e  E-1 .  

PV = E2 (UPW f a c t o r  f o r  1 0 ,  15, 2 0 ,  
and 25 yea r s )  x Annual Savings 
from Worksheet D ( e i t h e r  D 1 0 ,  
D 1 2 ,  or D18 depending on which 
method was used) .  

E 4  Table E-2 - €34. Enter t h e  estimated t o t a l  p ro jec t  cos t  fo r  t h e  
d i f f e r e n t  a l t e r n a t i v e s  ( ca l cu la t ed  i n  E 3 )  
i n  Table E-2. Assume S I R  values of 1 ,  3 ,  
and 5. 

P r o j e c t  cos t  = E 3  en t ry  + S I R  
( T h i s  equation is approximate o n l y  and 
assumes t h e  r a t i o  of maintenance cos t  t o  
investment cos t  is low.) 

E 5 .  Enter t h e  UPW Discount Factor A d j u s t e d  f o r  
Average F u e l  P r i ce  Esca la t ion  for  i n d u s t r i a l  
e l e c t r i c i t y  and a 7 %  discount  r a t e  (use  Ref. 4 ) .  

E5a a .  3 years  
E5b b. 4 years  
E5c c .  5 years 

d .  6 years  E5d 

- 
- 
- 

E 6 .  E n t e r  the  t o t a l  p ro j ec t  cos t  for assumed DPB - E 6  Table E-2 
va lues  of 3 ,  4 ,  5,  and 6 years i n  Table E-3. 

P ro jec t  cost  = E5 (UPW fac tor  for  3 ,  4 ,  5 ,  
and 6 years )  x Annual Savings 
from Worksheet D ( e i t h e r  D10, 
0 1 2 ,  or D 1 8  depending on which 
method was u s e d ) .  

€37. Enter t h e  estimated c o s t  range fo r  a peak 
shaving p ro jec t  based on achieving an 
S I R  = 5 or a DPB = 6 years .  

a.  5% peak shaving 
b. 1 0 %  peak shaving 
c. 15% peak shaving 

E7a 

E7c 
E l 6  - 
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WORKSHEET E ( c o n t i n u e d )  

E8. E n t e r  t h e  e x p e c t e d  c o s t  of t h e  a l t e r n a t i v e  peak 
s h a v i n g  t e c h n i q u e s .  

E8a 
E8b 
E8c 

a .  I n t e r c o n n e c t i o n  - 
b. EMCS - 
c. O n - s i t e  power g e n e r a t i o n  - 

E9. The  r e s u l t s  from E4 and E6 overlap t o  
i l l u s t r a t e  t h e  r e l a t i o n s h i p  be tween 
t h e  S I R  and t h e  DPB. A comparison of 
E7 w i t h  E8 is t h e  b a s i s  f o r  p u r s u i n g  
f u r t h e r  a n a l y s i s .  An E8 v a l u e  t h a t  
i s  c o n s i d e r a b l y  g rea t e r  t h a n  t h e  r a n g e  
of v a l u e s  i n  E7 is n o t  a n  e c o n o m i c a l l y  
v i a b l e  p r o j e c t .  
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WORKSHEET E (continued) 

I I 1 0  years I 15  years I 20 years I 25 years I 
I I I I I I 
I I I I I 
I 5 I I I I I 
I I I I I I 

Table E-1. Present Value of Annual Savings 

I I I I 

Table E-2. Estimated Total Project Cost for 
SIR = 1, 3, and 5 

I I 
1 I System Lifetime - 
I % Peak I I 
I Shaving I I I 

I I I I I I 
I I I 1 1 
l r t l  5 I I I I I 
I II I I I I I I 

I 1 0  I I I I I 

l w l  15  I I I I I 
I I I I I I I 
I I I 
1 ,  I 5 I I I I I 
I I I I I I I 
I II I 1 0  I I I I I 
l , l  I I I I I 1 z 1  1 5  I I I I I 
I I I I I I I 
I I I I 
I I 5 I I I I I 
l * l  I I I I I 
1 ” I 1 0  I I I I I 
I E I  I I I I I 
I z 1 1 5  I I I I I 
I I I I I I I 

I I 10 Years I 15 years I 20 years I 25 years I 

I H I  I ,  I I 1 I I 
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WORKSHEET E ( c o n t i n u e d )  

Table  E-3. E s t i m a t e d  Total Project Cost f o r  
DPB = 3 ,  4 ,  5 ,  and 6 y e a r s  

I I I 
I % Peak I D i s c o u n t e d  Payback P e r i o d  1 
I Shaving I I 
1 I I I I I 
I I 3 y e a r s  I 4 y e a r s  I 5 y e a r s  I 6 y e a r s  I 
I I I I I I 
I I I 
I 5 I I I I I 
I I I I I I 
I 10 I I I I I 
I I I I I I 
I 15 I I I I I 
I I I I 1 I 
I I I I I I 

END OF WORKSHEET E 
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APPENDIX A 

MIDWEST AIR FORCE BASE I 



WORKSHEET A 

A l .  E n t e r  t h e  name o f  t h e  base.  

A2. E n t e r  t h e  l o c a t i o n  of t h e  base .  

A3. E n t e r  t h e  e l e c t r i c a l  u t i l i t y  (o r  u t i l i t i e s )  
s e r v i n g  t h e  base. 

A4. E n t e r  t h e  number of e l e c t r i c  meters s e r v i n g  
t h e  base. 

AS. E n t e r  t h e  on - s i t e  e l e c t r i c a l  g e n e r a t i o n  
capac i ty ,  if any.  

A6. E n t e r  t h e  s i t e  popu la t ion .  
a .  M i l i t a r y  
b. C i v i l i a n  

A 7 .  E n t e r  t h e  f a c i l i t i e s  on t h e  b a s e .  
a .  Number 
b. T o t a l  a rea  ( f t 2 )  

A 8 .  E n t e r  t h e  b u i l d i n g s  on t h e  b a s e .  
a .  Number 
b .  T o t a l  area ( f t 2 )  

A9. E n t e r  t h e  h o u s i n g  u n i t s  on t h e  base. 
a. Number of s i n g l e - f a m i l y  u n i t s  
b .  Number o f  m u l t i p l e - f a m i l y  u n i t s  
c .  T o t a l  a rea  ( f t 2 )  

A5 - A .  

A7b 

A10 T a b l e  A - 1  - A10. F i l l  i n  T a b l e  A - 1  w i t h  t h e  month ly  demand 
a n d  consumption d a t a  o b t a i n e d  from t h e  
u t i l i t y  b i l l s .  

A l l .  E n t e r  t h e  peak demand; i t  is  t h e  h i g h e s t  - A l l  2 / 4  , OOAd 
v a l u e  e n t e r e d  i n  t h e  Demand column of 
T a b l e  A-1.  

A12. E n t e r  t h e  peak demand month .  - A12 .Am4 S T  

A13. E n t e r  t h e  h i g h  month e n e r g y  consumption; - A13 // .3492~,02U 
i t  is t h e  h i g h e s t  value e n t e r e d  i n  t h e  
Energy column o f  T a b l e  A - 1 .  

A 1 4 .  E n t e r  t h e  sum o f  t h e  m o n t h l y  p e a k  demand - ~ 1 4  /BDoPS&d 
v a l u e s  by a d d i n g  t h e  d a t a  i n  t h e  Demand 
c o l u m n  of T a b l e  A - 1 .  

A15. E n t e r  t h e  t o t a l  a n n u a l  e n e r g y  consumption - ~ 1 5  8 8 . 6 9 4  xcO%!! 
by a d d i n g  t h e  d a t a  i n  t h e  Energy co lumn 
of T a b l e  A-1. 



WORKSHEET A (continued) 

Table A-1. Demand and Consumption 

1 I I I 
I I Demand I Energy I 
I Month I (kW Peak) I (kWh) I 

I I I 
1 I I a t  /ob> I 

I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
1 

January 

Febr ua r y 

March 

Apr il 

May 

June 

July 

August 

September 

October 

November 

December 

I 
I 
1 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I 
I I I I 

END OF WORKSHEET A 



WORKSHEET B 

B 1 .  F i l l  i n  the Demand column of Table B - 1  u s i n g  _. B 1  Table B - 1  
hourly load d a t a  fo r  two average workdays and 
one normal weekend day obtained from t h e  
u t i l i t y .  I f  15-minute i n t e r v a l  da ta  a r e  
provided,  c a l c u l a t e  t h e  hourly average. Sum 
each of t h e  t h r e e  Demand columns and e n t e r  t h e  
t o t a l .  

B 2 .  Calcu la t e  t h e  average of t h e  t h r e e  Demand 
column t o t a l s  from Table B - 1 .  

B 3 .  Calcu la t e  t h e  percent  of peak demand. For 
each hour ' s  e n t r y  i n  t h e  Demand column, 
d i v i d e  by t h e  h ighes t  value f o r  t h a t  day 
i n  t h e  same column and en te r  t h e  r e su l t  i n  
t h e  ad jacen t  column, % of Peak. 

B 4 .  Determine t h e  three-hour period t h a t  best 
r e p r e s e n t s  t h e  l a t e  n i g h t ,  f l a t  load l e v e l  
pe r iod ,  A .  (Look i n  Table B-1 around t h e  
pe r iod  from 0300 t o  0 6 0 0  f o r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B 5 .  Determine t h e  three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  day peak, f l a t  load level  
pe r iod ,  B .  (Look i n  Table B-1 around t h e  
per iod  from 1200 t o  1600 fo r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B 6 .  Determine t h e  three-hour period t h a t  best 
r e p r e s e n t s  t h e  evening, f l a t  load l e v e l  
pe r iod ,  C .  (Look i n  Table B - 1  around t h e  
pe r iod  from 1900 t o  2 2 0 0  f o r  four e n t r i e s  
t h a t  a r e  about the  same percent . )  

B7. Determine t h e  average percentage load for 
t h e  A and C f l a t  load per iods f o r  each day; 
t h e  average percentage load period B is 1 0 0 % .  
F i l l  i n  Table B - 2 .  

_. B 3  Table B-1 

_. B5 /3 00 - 

B 6  - - 2/00 

- B7 Table B-2 

B 8  Table B-2 - B 8 .  Determine t h e  month's average percentage load 
f o r  t h e  th ree  f l a t  load periods and en te r  i n  
Table €3-2. I f  t hese  d a t a  a r e  not  a v a i l a b l e ,  
u s e  t he  following d e f a u l t  values for  t he  
t h r e e  f l a t  load per iods:  

A:  Late n i g h t  per iod 55% 
B: Day peak per iod 1 0 0 %  
C :  Evening per iod 85% 

B9. P l o t  t he  gene r i c  load p r o f i l e  onto Figure B - 1  - B9 Figure B - 1  
u s i n g  t h e  month's average data i n  Table B - 2 .  
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WORKSHEET B (continued) 

Table B-2. Average Percentage Load f o r  Flat Load Level Periods 

I Date I A :  Late Night I B: Day Peak I C: Evening I 
1 I I I I 

I I I I I 
I Weekday #I I I I I - 

I 100 I I I I 

I I I 
[ S h e  8 3  I I 
I Weekday 8 2  I I 

56* 3 I I 8 3 .  7 I 

- 
I 

7 5  1 I 
i I 

I I I I I 
I Weekend day I I 

I 100 I 
5 7  9 I I I /{A46&3 I 

- 
I 
I 

100 
I I 

I I I I 

I 

I I I I 

I I I 95.9 1 2 2 A U 4 8 3  \ ($2.1 

!Default Values I 
I I 

5 5  100 85  

I I I I I 
I I 1 I I 
/Month's Average1 
I I 57.7 

100 I I 8 4 . 9  
I I I I I 
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WORKSHEET B (Continued) 

Idi 

END OF WORKSHEET B 
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WORKSHEET C 

C 1 .  E n t e r  t h e  peak power demand i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1.  
( E i t h e r  use t h e  u t i l i t y  b i l l  a s  t h e  source 
f o r  these  d a t a  or request t h e  d a t a  f rom t h e  
u t i l i t y . )  

- C 1  T a b l e  C - 1  

C2 T a b l e  C - 1  - C2. E n t e r  t h e  demand c h a r g e  r a t e s  ($ /kW) f o r  
on-peak, mid-peak ,  a n d  o f f -peak  demand f o r  
t h e  d i f f e r e n t  kW r a n g e s  i n d i c a t e d  i n  T a b l e  C-1.  

C 3  Table C - 1  - C3. E n t e r  t h e  ac tua l  demand charges f o r  e a c h  
leve l  i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1.  Sum t h e  t h ree  v a l u e s  t o  o b t a i n  
t h e  t o t a l  demand c h a r g e s .  (Use t h e  u t i l i t y  
b i l l  as  t h e  source f o r  t h e s e  d a t a . )  

C 4 .  E n t e r  t h e  e n e r g y  consumed i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1. 
(Use t h e  u t i l i t y  b i l l  as  t h e  source f o r  
t h e s e  d a t a . )  

- C 4  T a b l e  C - 1  

1 C5 Table  C - 1  C 5 .  E n t e r  t h e  e n e r g y  c h a r g e  ra tes  ($/kWh) f o r  - 
on-peak ,  mid-peak,  a n d  o f f -peak  e n e r g y  
c o n s u m p t i o n  or f o r  t h e  d i f f e r e n t  kWh r a n g e s  
i n d i c a t e d  i n  T a b l e  C-1.  

C6 T a b l e  C - 1  - C6. E n t e r  t h e  a c t u a l  e n e r g y  charges f o r  e a c h  l eve l  
i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1 .  Sum t h e  t h r e e  v a l u e s  t o  
o b t a i n  t h e  t o t a l  e n e r g y  charges. (Use t h e  
u t i l i t y  b i l l  a s  t h e  source f o r  t h e s e  d a t a . )  

C7. E n t e r  t h e  t o t a l  f o r  each e n t r y  i n  T a b l e  C-1 
i n  t h e  To ta l  co lumn.  

C8. E n t e r  t h e  s u r c h a r g e s  t h a t  a r e  l i s t e d  on t h e  
u t i l i t y  b i l l .  

a .  F u e l  a d j u s t m e n t  ( .o- $/kWh) 
b .  Customer c h a r g e s  
c .  E q u i p m e n t  r e n t a l  
d .  R&D f u n d  
e .  O t h e r  

r f .  T o t a l  S u r c h a r g e s  ( s u m  C8a t h r o u g h  C8e)  

C9. E n t e r  t h e  c r e d i t s  t h a t  a r e  l i s t e d  o n  t h e  
u t i l i t y  b i l l .  

- C 7  T a b l e  C-1  

C8a 
C8b 
C8c m 
C8e 
C8f 

- 
- 
- 
- 

d 706 

f 2 6 4 M  

C9a 4 - a .  T r a n s f o r m e r  
b .  Power f a c t o r  a d j u s t m e n t  - C9b d 305 
c. O t h e r  - c 9 c  # 7/740 
d .  T o t a l  C r e d i t s  ( s u m  C9a t h r o u g h  C9c)  - C9d # 72@& 
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WORKSHEET C ( c o n t i n u e d )  

C10. Enter  t h e  n e t  a d d i t i o n a l  c h a r g e s .  
( C 8 f  minus C9d) 

C 1 1 .  Enter  t h e  t o t a l  ac tua l  payments 
(Total  demand c h a r g e s  from 
T a b l e  C - 1  + Total e n e r g y  c h a r g e s  
from Table C - 1  + C10) 

- c 1 0  -#&%50 

- C 1 1  $530350 



WORKSHEET C (continued) 

Table C-1. Demand and Consumption Data 

I I I I 
I I Time of Day I I 
I I I I 
I I I I I 
I Utility Bill Entry I On-peak 1 Mid-peak1 Off-peak1 Total I 

~ 

I I I I I I 
I 1 I 1 I I 

I /96@0 I ----- I 
I I I 

I Peak Power Demand (kW) 
1 
I 1 I 1 I I 

21400 

I 
I Demand Charges ( $ )  
I 
I 0 to X kW 

I I 
I X to Y kW 
I 
I Y to 2 kW 
I 

I 
1 
I 
1 
I 
1 
I 
I 

I I 

, 

I Total Demand Charges lf202920I I 
1 I I I 
I I I I 1 I 
I I Energy Consumed (kWh) I '9u4 000 1 I - 17/7&@~//28oWOI I I 
I I I I I I 
I Energy Charge Rates ($/kWh)l I I I I 

'33 
I I ----- I to kWh I I 

I t n  

I I I 
Energy Charges ( $ )  I I 

I I 
0 to X kWh I I 

I I 
X to Y kWh I I 

I I 
Y to 2 kWh I I 

I I 1 
I 

I '+3739So I I I 
Total Energy Charges 

I 
I 
I 
I 
I 
I 
I 

1 I 
I 

1 

I 

lj3734=Q I 

END OF WORKSHEET C 
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WORKSHEET D 

Basic Methodology 

D 1 .  Mark t h e  5%, l o % ,  a n d  1 5 %  peak  s h a v i n g  l e v e l s  
on t h e  g e n e r i c  l o a d  p r o f i l e  c u r v e ,  F i g u r e  B-1 
o f  Workshee t  B. 

D2. Calcu la te  t h e  e n e r g y  r e d u c t i o n  f a c t o r ,  r ,  
c o r r e s p o n d i n g  t o  t h e  5 % ,  lo%, and  1 5 %  peak 
s h a v i n g  leve ls .  D i v i d e  t h e  a rea  t h a t  
r e p r e s e n t s  t h e  5 % ,  lo%, a n d  1 5 %  r e d u c t i o n  
l e v e l s  by t h e  t o t a l  a rea  u n d e r  t h e  g e n e r i c  
l o a d  p r o f i l e  c u r v e .  

a .  5% e n e r g y  r e d u c t i o n  f a c t o r  
b. 1 0 %  e n e r g y  r e d u c t i o n  f a c t o r  
c. 1 5 %  e n e r g y  r e d u c t i o n  f a c t o r  

I f  t h e  d e f a u l t  g e n e r i c  l o a d  p r o f i l e  c u r v e  was 
u s e d  f o r  F i g u r e  B-1 ,  e n t e r  t h e  d e f a u l t  v a l u e s  
as f o l l o w s :  

f o r  5% r e d u c t i o n ,  r = 0.013 
f o r  1 0 %  r e d u c t i o n ,  r = 0.03  
f o r  15% r e d u c t i o n ,  r = 0 . 0 5  

D 3 .  C a l c u l a t e  t h e  e n e r g y  r e d u c t i o n  f o r  t h e  month 
u n d e r  a n a l y s i s  f o r  e a c h  l e v e l  o f  peak  s h a v i n g .  

a .  f o r  5%,  D2a x A13 
b.  f o r  l o % ,  D2b x A13 
C .  f o r  1 5 % ,  D2c X A13 

D4. Ca lcu la t e  t h e  d o l l a r  s a v i n g s  d u e  t o  t h e  
r e d u c t i o n  of  e n e r g y  c o n s u m p t i o n .  Use 
t h e  h i g h e s t  C5 e n t r y  f rom Workshee t  C ,  w h i c h  
is t h e  e n e r g y  r a t e  i n  $/kWh. E n t e r  t h e  d o l l a r  
s a v i n g s  f o r  t h e  5 % ,  lo%, a n d  1 5 %  r e d u c t i o n  
l e v e l s  i n  Table D - 1 .  

a .  f o r  5%,  D3a x C5 
b. f o r  l o % ,  D3b x C5 
C.  f o r  1 5 % ,  D3C X C5 

D 5 .  C a l c u l a t e  t h e  peak demand r e d u c t i o n  f o r  t h e  
5%,  l o % ,  and 15% r e d u c t i o n  l e v e l s .  

a .  f o r  5%,  A l l  x 0.05 
b. f o r  l o % ,  A l l  x 0 . 1 0  
C .  f o r  15%,  A l l  X 0 .15  

D6. Ca lcu la t e  t h e  d o l l a r  s a v i n g s  d u e  t o  t h e  
r e d u c t i o n  of  peak demand. Use t h e  h i g h e s t  
C2 e n t r y  from Workshee t  C,  wh ich  is t h e  
demand ra te  i n  $/kW. E n t e r  t h e  d o l l a r  
s a v i n g s  f o r  t h e  5 % ,  lo%, a n d  1 5 %  r e d u c t i o n  
levels  i n  T a b l e  D - 1 .  

a .  f o r  5 % ,  D5a x C2 
b. f o r  lo%, D5b x C2 
c. f o r  15%,  D5c x C2 
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WORKSHEET D (continued) 

D7. 

D8. 

D9 . 

D7 Table D-1 - Calculate the surcharge reduction, if 
applicable, and enter in Table D-1. For 
an energy-related surcharge (i.e, $/kWh), 
the dollar savings would be as follows: 
a. for 5 % ,  surcharge rate from C8 entry x D3a 
b. for lo%, surcharge rate from C8 entry x D3b 
c. for 15%, surcharge rate from C8 entry x D3c 

For a demand-related surcharge (i.e., $/kW), the 
dollar savings would be as follows: 

d. for 5 % ,  surcharge rate from C8 entry x D5a 
e. for lo%, surcharge rate from C8 entry x D5b 
f. for 15%, surcharge rate from C8 entry x D5c 

D8 Table D-1 - Calculate the credit increase, if applicable, 
and enter in Table D-1. For an energy-related 
credit (i.e., $/kWh), the dollar savings would 
be as follows: 

a. for 5 % ,  credit rate from C9 entry x D3a 
b. for lo%, credit rate from C9 entry x D3b 
c. for 15%, credit rate from C9 entry x D3c 

For a demand-related credit (i.e., $/kW), the 
dollar savings would be as follows: 

a. for 5 % ,  credit rate from C9 entry x D5a 
b. for lo%, credit rate from C9 entry x D5b 
c. for 15%, credit rate from C9 entry x D5c 

Determine the potential monthly dollar 
savings due to peak shaving by summing the 
data in Table D-1. 

Annual Savings - Approximate Method 
This method will overstate the annual savings. 

D10. To approximate the annual savings due to 
peak shaving, multiply the Monthly Dollar 
Savings by 12 in Table D-1. 

Annual Savings - Improved Method 
Dll. Do steps D3 through D8 of the basic 

methodology using A15 and A14 in place 
of A13 and All, respectively. 

Step D3: D2a x A15 
D2b X A15 
D2C X A15 

D9 Table D-1 
_. 

D10 Table D-1 - 

Step D4: Dlla x c5 
Dllb x C 5  
Dllc x C5 

- Dlld Table D-2 
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WORKSHEET D ( c o n t i n u e d )  

S t e p  D5: 

S t e p  D 6 :  

S t e p  D7: 

S t e p  D8: 

A 1 4  x 0 . 0 5  
A 1 4  x 0 .10  
A 1 4  x 0.15  

Dl la  x C8 
D l l b  x C8 
D l l c  x C8 

D l l e  x C9 
D l l f  X C9 
D l l g  X C9 

D l l h  T a b l e  D-2 

D l l i  T a b l e  D-2 - 

D l l j  T a b l e  D-2 

D 1 2 .  Determine t h e  p o t e n t i a l  a n n u a l  d o l l a r  s a v i n g s  - D12 T a b l e  D-2 
d u e  t o  peak s h a v i n g  b y  summing t h e  da ta  i n  
T a b l e  D-2. 

Annua l  S a v i n g s  - More A c c u r a t e  Method 

T h i s  method p roduces  t h e  same r e s u l t s  a s  t h e  
improved  method when . t h e  e n e r g y  and  demand c h a r g e  
r a t e s  i n  e n t r i e s  C5 a n d  C 3  do n o t  v a r y  w i t h  t h e  
e n e r g y  a n d  demand l e v e l s .  

D13. D o  s t e p s  D3 t h r o u g h  D8 o f  t h e  b a s i c  
me thodo logy  twelve ( 1 2 )  times, o n c e  f o r  
e a c h  month. Use e a c h  m o n t h ' s  e n e r g y  
a n d  demand d a t a  f rom Table  A - 1  i n  p l a c e  
of A13 and  All, r e s p e c t i v e l y .  Also use t h e  
a p p r o p r i a t e  e n e r g y  a n d  demand r a t e  t o  ma tch  
t h e  e n e r g y  and  demand v a l u e s  f o r  s t e p s  D 4  
a n d  D6. Use T a b l e  D-3 t o  e n t e r  t h e  r e s u l t s  
f r o m  each s t e p .  

D 1 4 .  D e t e r m i n e  t h e  p o t e n t i a l  a n n u a l  d o l l a r  
s a v i n g s  due t o  peak s h a v i n g .  F i l l  i n  
T a b l e  D-4 w i t h  t h e  a p p r o p r i a t e  d a t a  
from T a b l e  D-3 and  sum. 

- 5 8 -  
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WORKSHEET D (continued) 

I I Monthly Dollar I I 
I Savings I 14950 I 3 1 4 3 5  t 50033 I 
I (D4 + D6 + D7 - D8) I I I I 

Table D-1. Potential Annual Dollar Savings - Approximate Method 

I Contribution I Percent Peak Shaving I 
I to I I 
I Dollar Savings I I I I 

I 5% I 10% I 15 % I 

I D4 Energy I I I 
I Dollar Savings I 44% I /a3443 I / B z 7 5  I 
I I I I I 
I D6 Demand I I I 1 

I I 
I 3dQ95 I 

I I / O / G 5  I 20330 I Dollar Savings 

I 
399 I 

I D7 Surcharge I 
I Dollar Savings I 
I I I I I 

I 
1 

I D8 Credit I 
I Dollar Increase I - I 

I - I 
I 

- I 

~ 

I I I I 1 
I I I 1 I 

I I I I I 
I Annual Dollar 1 I I I 
I Savings I I I 
I (Monthly Savings x 12) 1 $ / 7 9 q O O  1f3779QO I #bm3s6 I 
I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-2. P o t e n t i a l  Annual D o l l a r  S a v i n g s  - Improved Method 

- I 
I 

I D8 C r e d i t  I 
I D o l l a r  Increase I 
I I I I 

- I 
I - 

I ~~ 1 
I Con t r  ibu ti on I P e r c e n t  P e a k  S h a v i n g  

1 

I t o  I I 
I D o l l a r  S a v i n g s  I I I I 
I I 5 %  I 10% I 15% I 
I I I I I 
I I I I I 
I D4 Energy I I I 
I Do 1 l a  r S a v i n g s  I 35/23 I 6/953 I 
I I I I 

I 256633 I 
I 855fS f / 7 / 0 9 5  I 

I I I I I 

I D6 Demand 
I D o l l a r  S a v i n g s  

I I D7 Surcharge  I I 
I Do 1 l a  r S a v i n g s  I 3427  I 5 4 6 2  I 9099 
I I I I 



WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-3. Basic Methodology Steps D3 through D8 
A p p l i e d  t o  More A c c u r a t e  Method 

I I 1 
I I S T E P S  I 
I Month I I 
I I D3 I D4 I D 5  1 D6 I D7 I D8 I 
I I I I I I I 
I Jan I I I I I I I 
I 1 I I I I 1 I 
1 I I I I I I 
1 Feb I I I I I I I 
I I I I I I I I 
I 1 I I 1 
I Mar I I I I I I I 
I I I I I I I I 
I I I I I I I I 

I I 1 1 1 
I 1 

I 1 

I Apr I 

I 
4h9s 

I 
I I d . 4 .  A6e 7w x 3  
I May I 1 I I I I I 
I I I I I I I I 

t I I I I I I 
I Jun I I I I I I I 
I I I I I I 1 1 
I I I I I I I I 
I Jul I I I I I I I 
I I I I I I I I 
I I I I I 1 I 
I Aug I I I I I I I 
I I I I I I I I 
I I I I I 
I S e p  I I I I I I I 
I I I I I I I I 
I I I I I I I 
I Oct I I I I I I I 
I I I I I I I I 
I 1 1 I I 
I Nov I I I I I I 
I I I I I I I 1 
I I I I I I I 
I Dec I I I I I I I 

t 

' I I I I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

Table D-4. Annual S a v i n g s  from More Accurate  Method f o r  
5 %  Peak Shav ing  

I I I I I I I 
I I Energy I Demand ISurchargel  C r e d i t  I Total Monthly I 
I Month I Sav ings  I S a v i n g s  I S a v i n g s  I I n c r e a s e s l  S a v i n g s  I 
I I (D4) I ( D 6 )  I (D7)  I (D8)  I(D4 + D6 + D7 -D8) I 
I I I I I I I 
I I I I I I I 
I Jan I I I I I I 
I I I I I I I 
I I I 
I Feb I I I I I I 
I I I I I I I 
I I I I I I I 
I Mar I I I I I I 

, I  I I I I I I 
I I I 

I May I I I I I I 
I I I I I I I 
I I I 
I Jun I I I I I I 
I I I I I I I 
I I I I 
I J u l  I I I I I I 
I I I I I I I 
I I 1 I I 
I Aug I I I I I I 
I I I I I I I 
I I I I I I 
I S e p  I I I I I I 
I I I I I I I 
I I 1 I I I I 
I O c t  I I I I I I 
I I I I I I I 
I I I I I 
I Nov I I I I I I 
I I I I I I I 
I I 1 1 
I Dec I I I I I I 
I I I I I I I 
I I I I 
ITotal I I I I I 
IAnnual I I I I I 
I S a v i n g s  I I I I I I 
I I I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

Table D - 4 .  Annual S a v i n g s  from More A c c u r a t e  Method 
for 10% Peak Shav ing  ( c o n t i n u e d )  

I I I I 1 I I 

I Month I S a v i n g s  I S a v i n g s  I S a v i n g s  I I n c r e a s e s l  S a v i n g s  I 

I I I 1 I I I 
I I I I 1 
I Jan I I I I I I 
I I I I I I I 
I I I I I 
I Feb I I I I I I 

I I Energy I Demand ISurchargel C r e d i t  I Total  Monthly I 

I I (D4)  I ( D 6 )  I (D7) I ( D e )  I (D4 + D 6  + D7 -D8)1 

I I I I I I I 
I I I I I I 
I Mar I I I I I I 
I I I I I I I 
I I 1 I I I 

I I I 
/5 I 

I 1 1 
Q ?  

I I d4. f I Apr I 
I I 
I 
I May I I I I I I 
I I I I I I I 
I I I I I I I 

Jun I I I I I I 
I I I I I I 
I I I I I I 

I J u l  I I I I I 1 
I I I I I I I 
I I I I I I 
I Aug I I I I I I 
I I I I I I I 
I I I I I I 1 
I Sep I I I I I I 
I I I I I I I 
I I I I I I 

O c t  I I I I I I 
I I I I I I 

I I I 1 
I Nov I I I I I I 
I I I I I I 1 

I I I I 
Dec I I I I I I 

I I I I I I 
I I I I 

Total  I I I I I 
Annual  I I I I 1 
S a v i n g s  I I I 1 I 
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WORKSHEET D ( c o n t i n u e d )  

Table D-4. Annual S a v i n g s  from More Accurate Method 
for 1 5 %  Peak  Shaving ( c o n t i n u e d )  

I I I I I 1 I 
I I Energy I Demand ISurchargel  C r e d i t  I Total  Monthly I 
I Month I S a v i n g s  I S a v i n g s  I S a v i n g s  I I n c r e a s e s l  S a v i n g s  I 

I I I I I I I 
I I I I I I 
I Jan I I I I I I 

I I (D4) I ( D 6 )  I ( D 7 )  I ( D 8 )  I (D4 + D6 + D7 -D8)1 

I I I I I I I 
I I I I 
I Feb I I I I I I 
I I I I I I I 
I I I I 1 I I 
I Mar I I I I I I 
I I I I I I I 
I I I I I 1 .  
I Apr I I I I 
I I CAS& I 

1 I 
I May I I I I 1 I 
I I I I I I I 
I I I I I I I 
I Jun I I I I I I 
I I I I I I I 
I I I I I I I 
I J u l  I I I I I I 
I I I I I I I 
I 1 I I 
I Aug I I I I I I 
I I I I I I I 
I I I I I I 
I S e p  I I I I I I 
I I I I I I I 
I I I I I I 

. I Oct I I I I I I 
I I I I I I I 
I I I I I I 
I Nov I I I I I I 

I I I I I 
I I I 1 

Dec I I I I I 
I I I I I 
I I I 

Total I I I I I 
Annual I I I I I 
Savings I I I I I 

I I I I I 

END OF WORKSHEET D 
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WORKSHEET E 

E l .  E n t e r  t h e  DOE Reg ion  number f o r  t h e  base 
l o c a t i o n .  

E 2 .  E n t e r  t h e  UPW D i s c o u n t  F a c t o r  A d j u s t e d  f o r  
A v e r a g e  F u e l  P r i c e  E s c a l a t i o n  f o r  i n d u s t r i a l  
e l e c t r i c i t y  and  a 7 %  d i s c o u n t  r a t e  (use R e f .  4 ) .  

a .  10 y e a r s  
b .  15 y e a r s  
c .  20 y e a r s  
d .  25 y e a r s  

E l  - 

E3 Table E - 1  - E3. E n t e r  t h e  p r e s e n t  v a l u e  ( P V )  of t h e  5 % ,  l o % ,  
a n d  15% s a v i n g s  f o r  s y s t e m  l i f e t i m e s  o f  
1 0 ,  1 5 ,  2 0 ,  and  25 y e a r s  i n  T a b l e  E-1 .  

PV = E2 (UPW f a c t o r  for 1 0 ,  1 5 ,  2 0 ,  
and  25 y e a r s )  x Annual S a v i n g s  
f rom Workshee t  D ( e i t h e r  D l O ,  
D12, o r  D18 d e p e n d i n g  on which  
method was u s e d ) .  

t E 4 .  E n t e r  t h e  e s t i m a t e d  t o t a l  p r o j e c t  c o s t  f o r  t h e  - E 4  T a b l e  E-2 
d i f f e r e n t  a l t e r n a t i v e s  ( c a l c u l a t e d  i n  E3)  
i n  Tab le  E-2. Assume SIR v a l u e s  of  1, 3 ,  
a n d  5 .  

P r o j e c t  c o s t  = E3 e n t r y -  SIR 
( T h i s  e q u a t i o n  is a p p r o x i m a t e  o n l y  and  
assumes t h e  r a t i o  of  m a i n t e n a n c e  c o s t  t o  
i n v e s t m e n t  c o s t  is l o w . )  

E5. E n t e r  t h e  UPW D i s c o u n t  F a c t o r  A d j u s t e d  f o r  
A v e r a g e  F u e l  P r i c e  E s c a l a t i o n  f o r  i n d u s t r i a l  
e l e c t r i c i t y  and  a 7 %  d i s c o u n t  r a t e  (use R e f .  4 ) .  

a .  3 y e a r s  
b. 4 y e a r s  
c .  5 y e a r s  
d .  6 y e a r s  

E6 T a b l e  E-2 - E 6 .  E n t e r  t h e  t o t a l  p r o j e c t  c o s t  f o r  assumed DPB 
v a l u e s  o f  3 ,  4 ,  5 ,  a n d  6 y e a r s  i n  T a b l e  E-3 .  

P r o j e c t  c o s t  = E5 (UPW f a c t o r  f o r  3 ,  4 ,  5 ,  
and  6 y e a r s )  x Annual  S a v i n g s  
f rom Worksheet  D ( e i t h e r  D10, 
D12, or D18 d e p e n d i n g  on which  
method was u s e d ) .  

E7. E n t e r  t h e  e s t i m a t e d  cos t  r a n g e  f o r  a peak  
s h a v i n g  p r o j e c t  b a s e d  on  a c h i e v i n g  an 
SIR = 5 o r  a DPB = 6 y e a r s .  

a .  5 %  peak s h a v i n g  
b .  10% peak s h a v i n g  
c .  15% peak s h a v i n g  
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WORKSHEET E ( con t inued)  

E8. Enter t h e  expected cos t  of t h e  a l t e r n a t i v e  peak 
shaving techniques. * 

a .  Interconnect ion - E8a k<OK 
S / M * ”  

d 4  9 /r, /07b; 
d 8 . 0  /S$. 

E8b b. EMCS - 
c .  On-site power genera t ion  - E 8 c  #z.Z k., 5 ;a,** 

E 9 .  T h e  r e s u l t s  from E 4  and E6 over lap  t o  
i l l u s t r a t e  t h e  r e l a t i o n s h i p  between 
t h e  S I R  and t h e  DPB. A comparison of 
E7 w i t h  E8 i s  t h e  b a s i s  for pursuing 
f u r t h e r  ana lys i s .  An E8 value t h a t  
i s  considerably g r e a t e r  than t h e  range 
of va lues  i n  E7 is not an economically 
v i a b l e  p ro jec t .  
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WORKSHEET E (Continued) 

Table E - 1 .  Present Value of Annual Savings 

I 
I 

i I 
I I 

I 1 % Peak I 
I Shaving 1 I I I I 
1 I 10 years I 15 years I 20 years I 25 years I 

I I I I I 

System Lifetime 

I I I I 

I I 

1 I 1 I I 

Table E-2. Estimated Total Project Cost f o r  
SIR = 1, 3, and 5. 

I 1 I 
I I System Lifetime I 

I I % Peak 1 
1 Shaving I I I I I 
I I 10 years I 15 years I 20.years I 25 years I 
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WORKSHEET E ( c o n t i n u e d )  

Table E - 3 .  Es t imated  Total  Projec t  Cost f o r  
DPB = 3 ,  4 ,  5 ,  and 6 y e a r s  

I 
I % P e a k  I D i s c o u n t e d  Payback P e r i o d  

I I 
I 

I Shav ing  I I 
I I I I I I 

I 3 years I 4 y e a r s  I 5 y e a r s  I 6 y e a r s  I 
I I I I 

I I I 
I 

I 
I 
I I 
I 5 I 
I I 
I 10 I 
I I 
I 15 I 
I I 
I I 1 I I I 

END OF WORKSHEET E 



A P P E N D I X  B 

MIDWEST A I R  FORCE B A S E  I1 
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WORKSHEET A 

A1 . 
A2 . 
A3. 

A4 . 
A5 . 
A6 . 

A7 . 

A8 . 

A9 . 

A10. 

All. 

A12. 

A13. 

A 1 4  . 

A15 . 

Enter the name of the base. 

Enter the location of the base. 

Enter the electrical utility (or utilities) 
serving the base. 

Enter the number of electric meters serving 
the base. 

Enter the on-site electrical generation 
capacity, if any. 

Enter the site population. 
a. Military 
b. Civilian 

Enter the facilities on the base. 
a. Number 
b. Total area (ft2) 

Enter the buildings on the base. 
a. Number 
b. Total area (ft2) 

Enter the housing units on the base. 
a. Number of single-family units 
b. Number of multiple-family units 
c. Total area (ft2) 

Fill in Table A-1 with the monthly demand 
and consumption data obtained from the 
utility bills. 

Enter the peak demand; it is the highest 
value entered in the Demand column of 
Table A-1. 

Enter the peak demand month. 

Enter the high month energy consumption; 
it is the highest value entered in the 
Energy column of Table A-1. 

Enter the sum of the monthly peak demand 
values by adding the data in the Demand 
column of Table A-1. 

Enter the total annual energy consumption 
by adding the data in the Energy column 
of Table A-1. 

- A4 NA. 

- A5 NA . 

A6a 
A6b - 

A7b 

A8b 

- A10 Table A-1 
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WORKSHEET A (continued) 

Table A - 1 .  Demand and Consumption 

1 I I I 
1 I Demand I Energy I 

I I I om 1 
I Month I (kW Peak) I (kWhL I 

1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 
1 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 I 
I I 1 I 

END OF WORKSHEET A 



WORKSHEET B 

B1 .  F i l l  i n  t h e  Demand column of Table B-1 u s i n g  - B 1  Table B - 1  
hourly load da ta  fo r  two average workdays and 
one normal weekend day obtained from t h e  
u t i l i t y .  If 1 5 - m i n u t e  i n t e r v a l  da t a  a r e  
provided,  c a l c u l a t e  t h e  hourly average. Sum 
each of t h e  t h r e e  Demand columns and e n t e r  t h e  
t o t a l  . 

B2. Ca lcu la t e  t h e  average of t h e  three Demand 
column t o t a l s  from Table B-1. 

B3. Ca lcu la t e  t h e  percent  of peak demand. For 
each hour ' s  e n t r y  i n  t h e  Demand column, 
d i v i d e  by t h e  h i g h e s t  value for t h a t  day  
i n  t h e  same column and e n t e r  t h e  r e s u l t  i n  
t h e  ad jacen t  column, % of Peak. 

B4.  Determine t h e  three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  l a t e  n i g h t ,  f l a t  load level 
per iod ,  A .  (Look i n  Table B-1 around t h e  
pe r iod  from 0300  t o  0 6 0 0  f o r  four en t r i e s  
t h a t  a r e  about the  same percent . )  

B5. Determine t h e  three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  day peak, f l a t  load l e v e l  
pe r iod ,  B. (Look i n  Table B-1 around t h e  
per iod  from 1200 t o  1 6 0 0  for four e n t r i e s  
t h a t  a r e  about t he  same percent . )  

B 6 .  Determine t h e  three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  evening, f l a t  load level 
pe r iod ,  C.  (Look i n  Table B-1 around t h e  
pe r iod  from 1 9 0 0  t o  2 2 0 0  f o r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B7.  Determine t h e  average percentage load f o r  
t he  A and C f l a t  load per iods  fo r  each day; 
t h e  average percentage load period B i s  1 0 0 % .  
F i l l  i n  Table B-2. 

B2 - 

- B3 Table B-1 

87 Table B-2 

B8. Determine t h e  month's average percentage load - B8 Table B-2 
f o r  t h e  t h r e e  f l a t  load periods and en te r  i n  
Table B-2. I f  t h e s e  da ta  a r e  not a v a i l a b l e ,  
use the  following d e f a u l t  values fo r  t h e  
th ree  f l a t  load per iods:  

A: Late n i g h t  per iod 5 5 %  
B: Day peak per iod 1 0 0 %  
C:  E v e n i n g  per iod 85% 

B 9 .  P l o t  t h e  gener ic  load p r o f i l e  onto F i g u r e  B-1  - B9 F i g u r e  B-1  
u s i n g  t h e  month's average data  i n  Table B-2. 
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WORKSHEET B (continued) 

I 0100 I 
I 0200 I 
I 0300 I 
I 0400 I 
I 0500 I 
I 0600 I 
I 0700 I 
I 0800 I 
I 0900 I 
I 1000 I 
I 1100 I 
I 1200 I 
I 1300 I 
I 1400 I 
I 1500 I 
I 1600 I 
I 1700 I 
I 1800 I 
I 1900 I 
I 2000 I 
I 2100 I 
I 2200 I 
I 2300 I 
I 2400 I 

Table B-1. Load P r o f i l e  Hourly Data 

I I Weekday # 1  I Weekday 112 I Weekend Day I 
I I I I I 

I I Date: I Date: I Date: I 
I I I I I 
I I I I I I I I 

I I I I I I I I 
I I I I I I I 

I I Demand I % of I Demand I % of I Demand I % of I 
I Hour I (kW) I Peak I ( k W )  I Peak I ( k W )  1 Peak I 

I I I I I 
I I I I I 
I I 1 I I 
I I I I I 
I I I I I 
I I I I I 

‘dA. I $04 I +//S I CASK I I I 

DEIFMLr  UALUe-5 #& UR&B 
I I I I I 

I 
I 

I I I I 
I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

I I I I I I I 
I I I I I 

I I I 
I 
I Total I 
I I I I I I I I 

I ---- I ---- I ---- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



WORKSHEET B (continued) 

Table 8-2 .  Average Percentage Load for Flat Load Level Periods 

I I I I I 
1 Date I A: Late Night I B: Day Peak I C: Evening I 
I I I I I 
I Weekday #1 I I 1 - 

I 100 I I 
I 
I 

I I 4.4. 
I I 

I I 
I I 
I I 
I Weekday # 2  I 1 I 

I 
I 
I 

I 100 1 I I 
I I 
I I I I 

ALA. 

Ne A. I I dA. 
I 1 Weekend day I I 

A/. A. I 
I 

100 

I I I I I 
. I  I I I 

I IDefault Values I 55 I 100 I 85 I 
I I I I I 
I I I I I 
I I I I 
I Month's Average1 
I I 55 100 

I I I I i 
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WORKSHEET C 

C 1 .  E n t e r  t h e  peak power demand i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1.  
( E i t h e r  use t h e  u t i l i t y  b i l l  a s  t h e  source 
f o r  t hese  d a t a  or  reques t  t h e  d a t a  f rom t h e  
u t i l i t y . )  

- C 1  T a b l e  C - 1  

C2. E n t e r  t h e  demand c h a r g e  r a t e s  ( $ / k W )  f o r  _. C2 T a b l e  C - 1  
on-peak, mid-peak ,  and  o f f  -peak demand f o r  
t h e  d i f f e r e n t  kW r a n g e s  i n d i c a t e d  i n  T a b l e  C-1 .  

C 3  T a b l e  C - 1  - C3. E n t e r  t h e  a c t u a l  demand charges f o r  e a c h  
l e v e l  i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1. Sum t h e  t h ree  v a l u e s  t o  o b t a i n  
t h e  t o t a l  demand c h a r g e s .  (Use t h e  u t i l i t y  
b i l l  as t h e  source f o r  t h e s e  d a t a . )  

C 4 .  E n t e r  t h e  e n e r g y  consumed i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1.  
(Use t h e  u t i l i t y  b i l l  as t h e  source f o r  
t h e s e  d a t a . )  

CS. E n t e r  t h e  e n e r g y  c h a r g e  r a t e s  ($/kWh) f o r  
on -peak ,  mid-peak,  a n d  o f f -peak  e n e r g y  
c o n s u m p t i o n  or f o r  t h e  d i f f e r e n t  kWh r a n g e s  
i n d i c a t e d  i n  Table C-1. 

- C 4  T a b l e  C - 1  

- CS T a b l e  C - 1  

C6. E n t e r  t h e  ac tua l  e n e r g y  charges  f o r  e a c h  l e v e l  - C6 T a b l e  C - 1  
i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1.  Sum t h e  t h ree  va lues  t o  
o b t a i n  t h e  t o t a l  e n e r g y  charges. (Use t h e  
u t i l i t y  b i l l  a s  t h e  source  f o r  these  d a t a . )  

C7. E n t e r  t h e  t o t a l  f o r  each e n t r y  i n  Table C - 1  
i n  t h e  T o t a l  co lumn.  

C7  T a b l e  C - 1  
_. 

C8. E n t e r  t h e  s u r c h a r g e s  t h a t  a r e  l i s t e d  on t h e  
u t i l i t y  b i l l .  

a .  F u e l  a d j u s t m e n t  ( .01;,32< $/kWh) - C8a # 4 5  000 
b. C u s t o m e r  c h a r a e s  C8b - 

~~ 

c. Equipment  renca l  
d .  R & D  f u n d  
e.  O t h e r  
f .  T o t a l  S u r c h a r g e s  ( sum C8a t h r o u g h  C8e)  - C8f #4& 000 

C 9 .  E n t e r  t h e  c r e d i t s  t h a t  a r e  l i s t e d  on t h e  
u t i l i t y  b i l l .  

C9a - 
C9b - 
c 9 c  - 
C9d - 
- a .  T r a n s f o r m e r  

c. O t h e r  
b. Power f a c t o r  a d j u s t m e n t  - 
d .  T o t a l  C r e d i t s  ( s u m  C9a t h r o u g h  C9c)  I_ 

7 
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WORKSHEET C ( c o n t i n u e d )  

C10. Enter  t h e  n e t  a d d i t i o n a l  c h a r g e s .  
(C8f  minus C9d) 

C 1 1 .  Enter  t h e  t o t a l  a c t u a l  payments 
( T o t a l  demand c h a r g e s  from 
T a b l e  C - 1  + T o t a l  e n e r g y  c h a r g e s  
from Table  C-1  + C10) 

c 1 0  -* 
7 c11 0aSQ 



WORKSHEET C ( c o n t i n u e d )  

T a b l e  C - 1 .  Demand a n d  Consumpt ion  Data 

I I I I 
' I  I Time of Day 1 I 
I I 1 I 
1 I I I I I 

I I I I I I 
I I 1 I I I 

I I 
I I I 

I I 1 I I 
I I 1 I 

I I I I I I 
I 
I 
I 

I I I I I I 
I I I I 1 I 
I Demand C h a r g e s  ( $ )  I I I I I 

I U t i l i t y  B i l l  E n t r y  I On-peak I Mid-peak1 Off -peak1 T o t a l  I 

I Peak Power Demand ( k W )  
I 

I Demand C h a r g e  Rates ($ /kW) I 

0 t o  t kW 
I kW 

I ----- 

I ----- 
I ---e- 

I ----- 
I 0 t o  40 kW I l 

I 
I 

I 
I 0 t o g k W  
I 
I % t o # k W  
I 

I I I I I 

I Y t o  2 kW I I I I I 
I I I I I I 

I I I I I I 
I I I 1 

I I I I I I 
I I I I I I 
I E n e r g y  Charge  Rates ($/kWh)l I I I I 
I I I I I I 

I 
I 

I 0 t o  2 0 o w k W h  I#O.Ot7G I I 

I 
I 20000 to/m&RokWh Ifa.oz5Q I I 
I /apo@D to/@oU@%Wh I$@.@== I I 
I /UUOOa3 f If&. @Z//  I I I I 
I 1 I 1 I 1 

I T o t a l  Demand C h a r g e s  I#778- I I 1$778GB I 

I E n e r g y  Consumed (kwh) I 4 S L 5 U d  I 19's b 5md 

I ----- 
I ----- 
1 ----- 

I Energy C h a r g e s  ( $ )  I I I I I 

I IfJ@@@ I 
1 I I I 

I 00 & 

too00  I I is72 I I I I I b 5 7 2  I I 
I 0 t o  )u kWh 

I z o r p t o  f kWf? 

I IS/Of/BZ I 
I I I 

I T o t a l  E n e r g y  C h a r g e s  
I I I#/&82 I 

E N D  O F  WORKSHEET C 
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WORKSHEET D 

Basic Methodology 

D 1 .  Mark t h e  5 % ,  l o % ,  a n d  1 5 %  peak  s h a v i n g  levels  
o n  t h e  g e n e r i c  l o a d  p r o f i l e  c u r v e ,  F i g u r e  B-1 
of Worksheet  B. 

D2. C a l c u l a t e  t h e  e n e r g y  r e d u c t i o n  f a c t o r ,  r, 
c o r r e s p o n d i n g  t o  t h e  5 % ,  l o % ,  and  1 5 %  peak 
s h a v i n g  l e v e l s .  D i v i d e  t h e  area t h a t  
r e p r e s e n t s  t h e  5 % ,  lo%, and  1 5 %  r e d u c t i o n  
levels  by t h e  t o t a l  area u n d e r  t h e  g e n e r i c  
l o a d  p r o f i l e  c u r v e .  

a .  5 %  e n e r g y  r e d u c t i o n  f a c t o r  
b .  1 0 %  e n e r g y  r e d u c t i o n  f a c t o r  
c. 1 5 %  e n e r g y  r e d u c t i o n  f a c t o r  

I f  t h e  d e f a u l t  g e n e r i c  l o a d  p r o f i l e  curve was 
u s e d  f o r  F i g u r e  B-1 ,  e n t e r  t h e  d e f a u l t  va lues  
as f o l l o w s :  

f o r  5% r e d u c t i o n ,  r = 0 .013  
f o r  1 0 %  r e d u c t i o n ,  r = 0 .03  
for 15% r e d u c t i o n ,  r = 0.05 

D 3 .  Ca lcu la t e  t h e  e n e r g y  r e d u c t i o n  f o r  t h e  month 
u n d e r  a n a l y s i s  f o r  e a c h  l e v e l  o f  peak s h a v i n g .  

a .  f o r  5%, D2a x A13 
b.  f o r  l o % ,  D2b x A13 
C .  f o r  15%,  D2C X A 1 3  

D4. Ca lcu la t e  t h e  d o l l a r  s a v i n g s  d u e  t o  t h e  
r e d u c t i o n  of  e n e r g y  c o n s u m p t i o n .  Use 
t h e  h i g h e s t  C5 e n t r y  f rom Workshee t  C ,  w h i c h  
is  t h e  e n e r g y  r a t e  i n  $/kWh. E n t e r  t h e  d o l l a r  
s a v i n g s  for  t h e  5 % ,  l o % ,  a n d  1 5 %  r e d u c t i o n  
l eve l s  i n  Table D - 1 .  

a .  f o r  5 % ,  D3a x C5 
b. f o r  l o % ,  D3b x C5 
C. f o r  1 5 % ,  D 3 C  X C5 

D5. Ca lcu la t e  t h e  peak demand r e d u c t i o n  f o r  t h e  
5%,  lo%, and 1 5 %  r e d u c t i o n  levels .  

a .  f o r  5 % ,  A l l  x 0.05  
b .  f o r  l o % ,  A l l  x 0.10 
c .  f o r  1 5 % ,  A l l  x 0.15  

D6. Ca lcu la t e  t h e  d o l l a r  s a v i n g s  d u e  t o  t h e  
r e d u c t i o n  of  peak demand. Use t h e  h i g h e s t  
C2 e n t r y  from Workshee t  C,  which  is  t h e  
demand rate i n  $/kW. E n t e r  t h e  d o l l a r  
s a v i n g s  f o r  t h e  5 % ,  l o % ,  a n d  1 5 %  r e d u c t i o n  
l eve l s  i n  T a b l e  D - 1 .  

a .  f o r  5 % ,  D5a x C2 
b. for  l o % ,  D5b x C2 
C. f o r  1 5 % ,  D 5 C  X C2 
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WORKSHEET D (continued) 

D7. Calculate the surcharge reduction, if 
applicable, and enter in Table D-1. For 
an energy-related surcharge (i.e, $/kWh), 
the dollar savings would be as follows: 

a. for 5%, surcharge rate from C8 entry x D3a 
b. for lo%, surcharge rate from C8 entry x D3b 
c. for 15%, surcharge rate from C8 entry x D3c 

For a demand-related surcharge (i.e., $/kW), the 
dollar savings would be as follows: 

d. for 5%, surcharge rate from C8 entry x D5a 
e. for lo%, surcharge rate from C8 entry x D5b 
f. for 15%, surcharge rate from C8 entry x D5c 

- D7 Table 0-1 

D8 Table D-1 - D8. Calculate the credit increase, if applicable, 
and enter in Table D-1. For an energy-related 
credit (i.e., $/kWh), the dollar savings would 
be as follows: 

a. for 5%, credit rate from C9 entry x D3a 
b .  for lo%, credit rate from C9 entry x D3b 
c. for 15%, credit rate from C9 entry x D3c 

For a demand-related credit (i.e.? $/kW), the 
dollar savings w u l d  be as follows: 

a. for 5%, credit rate from C9 entry x D5a 
b. for lo%, credit rate from C9 entry x D5b 
c. for 15%, credit rate from C9 entry x D5c 

D9 Table D-1 - D9. Determine the potential monthly dollar 
savings due to peak shaving by summing the 
data in Table D-1. 

Annual Savings - Approximate Method 
This method will overstate the annual savings. 

D10. To approximate the annual savings due to 
peak shaving, multiply the Monthly Dollar 
Savings by 12 in Table D-1. 

Annual Savings - Improved Method 
Dll. Do steps D3 through D8 of the basic 

methodology using A15 and A14 in place 
of A13 and All, respectively. 

Step D3: D2a x A15 
D2b x A15 
D2c x A15 

- D10 Table D-1 

Step D4: Dlla x c5 
Dllb x C5 
Dllc x C5 
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WORKSHEET D ( c o n t i n u e d )  

D12 . 

Annu 

T h i s  

S t e p  D S :  

S t e p  D6:  

S t e p  D7: 

S t e p  D8: 

A14 x 0 . 0 5  
A 1 4  x 0.10 
A14 x 0.15  

Dlle  x C2 
D l l f  X C2 
D l l g  X C2 

D l l a  x C8 
D l l b  x C8 
Dl l c  x C8 

Dl le  x C9 
D l l f  X C9 
D l l g  X C9 

De te rmine  t h e  p o t e n t i a l  a n n u a l  
d u e  t o  peak s h a v i n g  b y  summing 
T a b l e  0-2. 

D l l h  T a b l e  D-2 - 

D l l i  T a b l e  D-2 

D l l i  T a b l e  D-2 

1 S a v i n g s  - More Accurate Meth - d 

D12 T a b l e  D-2 - do 1 l a  r s a v  i n g s  
t h e  d a t a  i n  

method p r o d u c e s  t h e  same r e s u l t s  as t h e  
improved  method when t h e  e n e r g y  a n d  demand c h a r g e  
r a t e s  i n  e n t r i e s  C 5  and  C3 d o  n o t  v a r y  w i t h  t h e  
e n e r g y  and  demand l e v e l s .  

D 1 3 .  Do s teps  D3 t h r o u g h  D 8  of t h e  b a s i c  
methodology t w e l v e  ( 1 2 )  times, once f o r  
e a c h  month. Use e a c h  m o n t h ' s  e n e r g y  
and  demand d a t a  from T a b l e  A - 1  i n  place 
of A 1 3  and A l l ,  r e s p e c t i v e l y .  Also u s e  t h e  
a p p r o p r i a t e  e n e r g y  a n d  demand r a t e  t o  ma tch  
t h e  e n e r g y  and  demand v a l u e s  f o r  s teps  D4 
and  D6. Use T a b l e  D - 3  t o  e n t e r  t h e  r e s u l t s  
f rom each s tep .  

D14. D e t e r m i n e  t h e  p o t e n t i a l  a n n u a l  d o l l a r  
s a v i n g s  due t o  peak s h a v i n g .  F i l l  i n  
T a b l e  D-4 w i t h  t h e  appropr i a t e  d a t a  
f rom T a b l e  D-3 and  sum. 

D 1 3  Table D-3  

014  T a b l e  D-4 - 
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WORKSHEET D (continued) 

Table D-1. Potential Annual Dollar Savings - Approximate Method 
I 1 I 
I Contribution I Percent Peak Shaving I 
I to I I 
I Dollar Savings I I I I 

I I I I 
I I I 
I D4 Energy I I I 

I 3080 I 5/33 I I I 

I 5 %  I 10 % I 15% 

I Dollar Savings I /334 
I D6 Demand I I I 
I Dollar Savings I 3977 I 7954 I //923 
I I I 

I I D7 Surcharge I 
I Dollar Savings I 5s5 I I /350 I 2 2 5 0  - 
I I I I 1 

I 
I 

I 0 8  Credit I 
I Dollar Increase I 
I I I I I 

- I 
I - 1 

I .c 

I I I I I 
I Monthly Dollar I I I 
I (D4 + D6 + D7 - D8) I I I I 
I I I I I 
I Annual Dollar I I I I 

~ ~~ 

I 
I Savings I #52336 l & / J 3 S d  If/3Job I 

I Savings ' # 7 0 7 5 2  I f / 4 a 6 0 0  I $ 2 3 / 6 7 2  I I 
[(Monthly Savings X 12) I 
I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-2. P o t e n t i a l  Annual D o l l a r  S a v i n g s  - Improved Method 

I I I 
I Con t r i b u t i o n  I P e r c e n t  Peak Shav ing  I 
I to I I 
I Dol lar  S a v i n g s  I I I I 
I I 5% I 1 0 %  I 1 5 %  I 
I I I I I 
I I I I I 
I D4 Energy 
I D o l l a r  S a v i n g s  
I 
I D6 Demand I I I I 
I D o l l a r  S a v i n g s  I 3&317 1 7 2 6 5 5  I /489BZ I 
I I I I I 
I D7 Surcharge  I I I I 

I I I I I 
I 
I 

I D8 C r e d i t  I 
I D o l l a r  Increase I 

I D o l l a r  S a v i n g s  I <5B3 I / O S 7 6  I / 7 G 2 7  I 

- I 
I - I 

I 
I I I I I 
I Annual D o l l a r  I I I 1 

I I (D4 + D6 S a v i n g s  + D7 - D8) $/47735b ! 4 / 6 b 8 / 7  I I 
I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D - 3 .  Basic Methodology S t e p s  D 3  through D 8  
A p p l i e d  to More A c c u r a t e  Method 

I 1 I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-4. Annual S a v i n g s  from More Accurate  Method for  
5 %  Peak Shav ing  

I 1 I 1 1 I I 
I Energy I Demand (Surcharge1  C r e d i t  I Total Monthly I 

I 
(D4) I (D6) I (D7) I (D8) I (D4 + D6 + D7 -D8) I 

I 
1 

I 

I 
I Month I S a v i n g s  I S a v i n g s  1 S a v i n g s  I I n c r e a s e s l  S a v i n g s  

I 
1 
I 1 I I I 
I I I I 

-86- 



WORKSHEET D (continued) 

Table D - 4 .  Annual Savings from More Accurate Method 
for 10% Peak Shaving (continued) 

I 1 I 1 I I I 
1 I Energy I Demand ISurchargel Credit I Total Monthly I 

I I (D4) I (D6) I (D7) I (D8) I (D4 + D6 + D7 -D8) I I Month 1 Savings I Savings I Savings IIncreasesl Savings I 

I I I I I I I 
1 I I I I 

I 
I I Jan I / 79 /  1 5*6 j 78f I - 

I I 
I I I I I I I 

I 7789 I 

/Total I I I I I 

I 
I $/&735-3 

1 I I I I I I 

-87- 



WORKSHEET D (continued) 

Table D-4. Annual Savings from More Accurate Method 
f o r  15% Peak Shaving (continued) 

i I I 1 I I I 
i Energy i Demand ;Surcharge; Credit I Total M o n t h l y  I 

Savings I 
1 
I Month 1 Savings I Savings I Savings IIncreaseSl 
1 1 (D4) I (D6) I (D7) I (D8) I (D4 + D6 + D7 -D8) I 
I I I I I I I 
1 I I 

I I I I I I I 

END OF WORKSHEET D 
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WORKSHEET E 

El. Enter t h e  DOE Region number for t h e  base 
l o c a t i o n .  

E2. Enter t h e  UPW Discount Factor Adjusted f o r  
Average F u e l  P r i c e  Esca la t ion  for  i n d u s t r i a l  
e l e c t r i c i t y  and a 7 %  discount  r a t e  (use Ref. 4 ) .  

a .  10- 
b.  1 5  
c. 20 
d .  25 

years  
years  
years  
years  

E 3 .  Enter t h e  p resent  value ( P V )  of  t h e  5%, l o % ,  - E 3  Table E - 1  
and 15% savings for  system l i f e t i m e s  of 
1 0 ,  15, 2 0 ,  and 25 yea r s  i n  Table E-1. 

PV = E 2  (UPW f a c t o r  f o r  1 0 ,  15,  2 0 ,  
and 25 y e a r s )  x Annual Savings 
from Worksheet D ( e i t h e r  D10,  
D 1 2 ,  O K  D 1 8  depend ing  on which 
method was u s e d ) .  

E4. Enter t h e  es t imated t o t a l  p ro jec t  c o s t  f o r  t h e  _. E 4  Table E-2  
d i f f e r e n t  a l t e r n a t i v e s  ( ca l cu la t ed  i n  E 3 )  
i n  Table E-2. Assume S I R  values of I, 3 ,  
and 5. 

P r o j e c t  cos t  = E 3  e n t r y + S I R  
( T h i s  equation is approximate only and 
assumes t h e  r a t i o  of maintenance c o s t  t o  
investment cos t  is  low.) 

E5. Enter t h e  UPW Discount Factor Adjusted f o r  
Average F u e l  P r i ce  Esca la t ion  for  i n d u s t r i a l  
e l e c t r i c i t y  and a 7 %  discount  r a t e  (use Ref. 4 ) .  

a .  3 years  
b. 4 years  
c .  5 years  
d .  6 years  

E5c - 
E5d - 
E6 Table E-2 E6. Enter t h e  t o t a l  p r o j e c t  c o s t  for assumed DPB - 

v a l u e s  of 3 ,  4 ,  5 ,  and 6 years  i n  Table E-3.  
P r o j e c t  cos t  = E 5  (UPW f ac to r  fo r  3 ,  4 ,  5 ,  

and 6 yea r s )  x Annual Savings 
from Worksheet D ( e i t h e r  D l O ,  
D 1 2 ,  or  D 1 8  depending on which 
method was u s e d ) .  

E7. Enter  t h e  es t imated cost range f o r  a peak 
shaving  p r o j e c t  based on achieving an 
S I R  = 5 or a DPB = 6 yea r s .  

a .  5 %  peak shaving 
b. 1 0 %  peak shaving 
c. 1 5 %  peak shaving 
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WORKSHEET E (continued) 

E8. Enter the expected cost of the alternative peak 
shaving techniques. 

a. Interconnection 
b. EMCS 
c. On-site power generation 

E9. The results from E4 and E6 overlap to 
illustrate the relationship between 
the SIR and the DPB. A comparison of 
E7 with E8 is the basis f o r  pursuing 
further analysis. An E8 value that 
is considerably greater than the range 
of values in E7 is not an economically 
viable project. 
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WORKSHEET E (Continued) 

Table  E-1. Present Value of Annual Savings 

1 1 I 
I 

1 I System Lifetime I - 
1 

I Shaving I I I I I 
1 % P e a k  1 

I I 10 years I 15 y e a r s  I 20 years I 25 Years I 

Table E-2. Estimated Total Project Cost for  
SIR = 1, 3, and 5. 

I 1 I 
I I System Lifetime I 
I % Peak I I 
I Shaving I I I I I 

I I I I I I I 
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WORKSHEET E ( c o n t i n u e d )  

Table E-3. E s t i m a t e d  T o t a l  P r o j e c t  C o s t  for 
DPB = 3 ,  4 ,  5 ,  and 6 y e a r s  

I 1 I 
I % Peak I D i s c o u n t e d  Payback P e r i o d  I 
I Shav ing  I I 
I I I I I I 
I I 3 y e a r s  I 4 y e a r s  I 5 y e a r s  I 6 y e a r s  I 
I I I I I I 
I I I I I 

I I I I I I 

E N D  OF WORKSHEET E 



A P P E N D I X  C 

S O U T H E A S T  A I R  FORCE B A S E  
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WORKSHEET A 

A1 l 

A2 

A3 

A4. 

A5 

A6 . 

Al. 

A8 . 

A9 l 

Enter the name of the base. 

Enter the location of the base. 

Enter the electrical utility (or utilities) 
serving the base. 

Enter the number of electric meters serving 
the base. 

Enter the on-site electrical generation 
capacity, if any. 

Enter the site population. 
a. Military 
b. Civilian 

Enter the facilities on the base. 
a. Number 
b. Total area (ft2) 

Enter the buildings on the base. 
a. Number 
b. Total area (ft2) 

Enter the housing units on the base. 
a. Number of single-family units 
b. Number of multiple-family units 
c. Total area (ft2) 

A10. Fill in Table A - 1  with the monthly demand 
and consumption data obtained from the 
utility bills. 

All. Enter the peak demand; it is the highest 
value entered in the Demand column of 
Table A-1. 

A12. Enter the peak demand month. 

A13. Enter the high month energy consumption; 
it is the highest value entered in the 
Energy COlUmn of Table A-1. 

A14. Enter the sum of the monthly peak demand 
values by adding the data in the Demand 
column of Table A-la 

A15. Enter the total annual energy consumption 
by adding the data in the Energy column 
of Table A-1. 

A5 - 

A 1 0  Table A-1 - 
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WORKSHEET A (continued) 

Table A-1. Demand and Consumption 

I 
1 
I 
1 
I 
1 
1 
1 
1 
1 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
1 
1 
I 
I 
1 
1 
I 

January 

February 

March 

April 

May 

June 

July 

August 

September 

Oc tobe r 

November 

December 

i 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I 
I 1 Demand I Energy I 

(kWh) I 
%/O I 

I 

1 Month I (kW Peak) I 
I I I 9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 I I I 
I 1 I I 

I I I I 
I Total I /59/3s I 78.89 I 

END OF WORKSHEET A 



WORKSHEET B 

B 1  Table B-1 - B 1 .  F i l l  i n  t h e  Demand column of Table B-1 u s i n g  
hourly load da ta  fo r  two average workdays and 
one normal weekend day obtained from t h e  
u t i l i t y .  I f  15-minute i n t e r v a l  da ta  a r e  
provided, c a l c u l a t e  t h e  hourly average. Sum 
each of t h e  t h r e e  Demand columns and e n t e r  t h e  
t o t a l  . 

B 2 .  Calcu la t e  t h e  average of t h e  t h ree  Demand 
column t o t a l s  from Table B-1.  

B 3 .  Calcu la t e  t h e  percent  of peak demand. For 
each hour ' s  e n t r y  i n  t h e  Demand column, 
d i v i d e  by t h e  h i g h e s t  value for t h a t  day 
i n  t h e  same column and e n t e r  the r e s u l t  i n  
t h e  ad jacen t  column, % of Peak. 

' B 4 .  Determine t h e  three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  l a t e  n i g h t ,  f l a t  load level  
pe r iod ,  A .  (Look i n  Table B-1 around t h e  
per iod  from 0300  t o  0 6 0 0  for four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B 5 .  Determine t h e  three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  day peak, f l a t  load l e v e l  
p e r i o d ,  B. (Look i n  Table B-1 around t h e  
per iod  from 1200  t o  1 6 0 0  f o r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

B 6 .  Determine the three-hour period t h a t  b e s t  
r e p r e s e n t s  t h e  evening, f l a t  load level  
pe r iod ,  C. (Look i n  Table B-1 around t h e  
per iod  from 1 9 0 0  t o  2 2 0 0  f o r  four e n t r i e s  
t h a t  a r e  about t h e  same percent . )  

- B2 At#. 
- B3 Table B-1 

B4 - 

B6 - 

8 7 .  Determine t h e  average percentage load f o r  - B7 Table B-2 
t h e  A and C f l a t  load per iods  for  each day; 
t h e  average percentage load period B is 1 0 0 % .  
F i l l  i n  Table B-2.  

B 8 .  Determine t h e  month's average percentage load - B8 Table B-2 
f o r  t h e  t h ree  f l a t  load periods and en te r  i n  
Table B-2. If these da ta  a r e  not a v a i l a b l e ,  
use t h e  following d e f a u l t  values fo r  t h e  
t h r e e  f l a t  load per iods :  

A: Late n i g h t  per iod  55% 
B: Day peak per iod  100% 
C: E v e n i n g  per iod  85% 

B9 Figure B-1  B 9 .  P l o t  t h e  gener ic  load p r o f i l e  onto Figure B-1 - 
u s i n g  t he  month's average data  i n  Table B-2. 
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WORKSHEET B (continued) 

Table B-1. Load P r o f i l e  Hourly Data 

I I I I I 
I I Weekday #1 I Weekday #2 I Weekend Day I 
I I Date: I Date: I Date: I 
I I I I 1 
I I I I I I I I 
I I Demand I % of I Demand I % of I Demand I % of I 
I Hour I ( k W )  I Peak I ( k w )  I Peak I ( k W )  I Peak I 
I I I I I I I I 
I I I I i I I 
I 0100 I 
I 0200 I 
I 0300 I 
I 0400 I 
I 0500 I 
I 0600 I 
I 0700 I 
I 0800 I 
I 0900 I 
I 1000 I 
I 1100 I 
I 1200 I 
I 1300 I 
I 1400 I 
1 1500 I 
I 1600 I 
I 1700 I 
I 1800 I 
I 1900 I 
I 2000 I 
I 2100 I 
I 2200 I 
I 2300 I 
I 2400 I 

I I 
I I 
I I 
I I 
I I 
I I 

I/(/.& &he- A343 

>AFmA- J A L L  
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

I I 
I I 
I 1 
I I 
I I 
I I 

I I 

I I 
I I 
I 1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 1 
I I 

&5& I 

/!c US&A 

I I ’  I I I I I 
I I I I I I 

1 I I ---- I 
I Total  I 
I I I I I I I I 

I ---- I I ---- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
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WORKSHEET B (continued) 

Table B-2.  Average Percentage Load for Flat Load Level Periods 

I I I I I I Date I A: Late Night I B: Day Peak I C: Evening I 
I I I I I 
I Weekday #I I I I 1 

I I d h  100 d A. 
J - -  I 

I I I I 100 I 
I I 
I I I I I 

I Weekend day I I I 
I 
I 
I 

I 100 I 
I I 
I I 

I I 
I I 
I I 
I I I I I 
IDefault Values I 55 I 100 I 85 I -  
I I I I I 

A#/+. I I I d.d* 

4 A *  LA. 

I I I I I 
I I I I I 
I Month ' s Aver age I 
I I 55 100 85 
I I I I I 
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II II II 

WORKSHEET B (Continued) 

/ 
0 
0 
w 
N 

0 
0 
0 
hl 

0 
C 

rl 

C 
0 
hl 
rl 

C 
c 
a2 
0 

0 
0 

1- 

C 

a, 
rl 
-4 
w 

p1 

a a 
0 
d 
u 
-4 
k 
a, c 
a, 
t3 
Q) 

8 

5 
u-l 
0 
4J 
0 
rl 
@I 

. 
rl 
I 
Lp 

a, 
k 
I 
tn 
-4 
E 

END OF WORKSHEET B 
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WORKSHEET C 

C 1 .  E n t e r  t h e  peak power demand i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C - 1 .  
( E i t h e r  u s e  t h e  u t i l i t y  b i l l  a s  t h e  source 
f o r  t h e s e  d a t a  or request t h e  d a t a  f rom t h e  
u t i l i t y . )  

- C 1  T a b l e  C - 1  

C2 T a b l e  C-1  - C2. E n t e r  t h e  demand c h a r g e  ra tes  ( $ / k W )  f o r  
on-peak, mid-peak,  and  o f f -peak  demand f o r  
t h e  d i f f e r e n t  kW r a n g e s  i n d i c a t e d  i n  T a b l e  C-1.  

C3 T a b l e  C-1 - C3. E n t e r  t h e  a c t u a l  demand c h a r g e s  f o r  e a c h  
level  i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C-1. Sum t h e  three v a l u e s  t o  o b t a i n  
t h e  t o t a l  demand c h a r g e s .  (Use t h e  u t i l i t y  
b i l l  as  t h e  source fo r  t h e s e  d a t a . )  I 

C 4 .  E n t e r  t h e  e n e r g y  consumed i n  t h e  t h r e e  
u t i l i t y - d e f i n e d  p e r i o d s  i n  T a b l e  C-1. 
(Use t h e  u t i l i t y  b i l l  as t h e  source f o r  
t h e s e  d a t a . )  

C4 T a b l e  C-1  

C5. E n t e r  t h e  e n e r g y  c h a r g e  r a t e s  ($/kWh) f o r  
on-peak ,  mid-peak,  and  o f f -peak  e n e r g y  
consumpt ion  or f o r  t h e  d i f f e r e n t  kWh r a n g e s  
i n d i c a t e d  i n  Table C-1. 

- C 5  T a b l e  C - 1  

C6. E n t e r  t h e  ac tua l  e n e r g y  c h a r g e s  f o r  e a c h  l e v e l  - C6 T a b l e  C - 1  
i n  t h e  t h r e e  u t i l i t y - d e f i n e d  p e r i o d s  i n  
T a b l e  C - 1 .  Sum t h e - t h r e e  v a l i e s  t o  
o b t a i n  t h e  t o t a l  e n e r g y  c h a r g e s .  (Use t h e  
u t i l i t y  b i l l  a s  t h e  sou rce  f o r  t h e s e  d a t a . )  

C7. E n t e r  t h e  t o t a l  f o r  e a c h  e n t r y  i n  T a b l e  C-1 
i n  t h e  To ta l  column.  

C7 T a b l e  C-1  

C8. E n t e r  t h e  s u r c h a r g e s  t h a t  a r e  l i s t e d  on t h e  
u t i l i t y  b i l l .  

a .  F u e l  a d j u s t m e n t  ( Q.Q2/& $/kWh 1 - .  C8a _$/ &Sub& 
C8b c b. Customer c h a r g e s  

c .  E q u i p m e n t  r e n t a l  C8c - m c d .  R & D  fund  
e .  O t h e r  C8e e 

- 
- 

c 9  . 
f .  T o t a l  S u r c h a r g e s  ( s u m  C8a t h r o u g h  C8e)  

E n t e r  t h e  c r e d i t s  t h a t  a r e  l i s t e d  on t h e  
u t i l i t y  b i l l  . 

a. T r a n s f o r m e r  
b. Power f a c t o r  a d j u s t m e n t  
c. O t h e r  
d .  To ta l  C r e d i t s  ( s u m  C9a t h r o u g h  C9c)  

C9a 
C9b 
c 9 c  
C9d 

- - 
- - 
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WORKSHEET C ( c o n t i n u e d )  

C10. E n t e r  t h e  n e t  a d d i t i o n a l  c h a r g e s .  
( C 8 f  m i n u s  C9d)  

C 1 1 .  E n t e r  t h e  t o t a l  a c t u a l  payments  
( T o t a l  demand c h a r g e s  f rom 
T a b l e  C - 1  + T o t a l  e n e r g y  c h a r g e s  
f rom T a b l e  C-1 + C10) 
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WORKSHEET C (continued) 

Table C-1. Demand and Consumption Data 

I I I I 
I I Time of Day I 1 

I I I 
I I I I I 

I Utility Bill Entry I On-peak I Mid-peak1 Off-peak1 Total I 
I I I I I I 
I I I I I I 

I I Peak Power Demand (kW) I /5/20 I I I ----- - 
I I I I I I 
I I I I I 
I Demand Charge Rates ($/kW) I I I I I 
I I I 1 I I 

I 
I 

I 

I 
I 

I 0 to kW I p f d . 2 5  I 
I to kW I I 
I to kW I I I 

' I  I I I I I 

I e---- 

I ----- 
I ----- 

I I 1 I I I 
I Demand Charges ( $ )  
I 
I 0 to X kW 
I 
I X to Y kW 
I 
I Y to 2 kW 
I 

I I I I 
I I I I 
I I 1 I 
I I I I 
I I I I 
I I I I 

I494500 I Total Demand Charges 1494500 I I 
I I I I I 

I I85600UUI I Energy Consumed (kWh) 
I 
I I I I I I 
I Energy Charge Rates ($/kWh)l I I I I 
I I I I I I 

I 
I 

I 0 to kWh I #0*0//3 I I 

I 
I to kWh I I I 
I to kWh I I 1 
I I I I I I 
I I I 1 1 I 

p5000" I I I I 

I ----- 
I ----- 
I ----- 

I Energy Charges ( $ )  I I I I I 
I I I I 1 I 
1 0 to X kWh I I I I I 
I I I I I I 
I X to Y kWh I 1 I I I 
I I I I I I 
I Y to 2 kWh I I I I I 
I I I 1 I I 

I l(9&8/& I 
I I I 

I Total Energy Charges I#P&S/B I 
I I I 

END OF WORKSHEET C 



WORKSHEET D 

Basic Methodology 

D 1 .  Mark t h e  5%, lo%, and  15% peak  s h a v i n g  l e v e l s  
on t h e  g e n e r i c  l o a d  p r o f i l e  c u r v e I  F i g u r e  B-1 
o f  Worksheet B. 

D2 . Calcu la t e  t h e  e n e r g y  r e d u c t i o n  f a c t o r ,  r ,  
c o r r e s p o n d i n g  t o  t h e  5 % 1  lo%, and 15% peak 
s h a v i n g  l e v e l s .  D i v i d e  t h e  a rea  t h a t  
r e p r e s e n t s  t h e  5%, lo%, and  1 5 %  r e d u c t i o n  
l e v e l s  by t h e  t o t a l  a r e a  u n d e r  t h e  g e n e r i c  
l o a d  p r o f i l e  c u r v e .  

a .  5 %  e n e r g y  r e d u c t i o n  f a c t o r  
b .  10% e n e r g y  r e d u c t i o n  f a c t o r  
C .  15% e n e r g y  r e d u c t i o n  f a c t o r  

I f  t h e  d e f a u l t  g e n e r i c  l o a d  p r o f i l e  c u r v e  was 
u s e d  f o r  F i g u r e  B - 1 ,  e n t e r  t h e  d e f a u l t  v a l u e s  
as f o l l o w s :  

f o r  5 %  r e d u c t i o n ,  r = 0.013 
f o r  1 0 %  r e d u c t i o n ,  r = 0.03  
f o r  15% r e d u c t i o n ,  I: = 0.05 

D3. C a l c u l a t e  t h e  e n e r g y  r e d u c t i o n  f o r  t h e  month 
u n d e r  a n a l y s i s  fo r  e a c h  l e v e l  o f  peak  s h a v i n g .  

a .  f o r  5 % ,  D2a x A13 
b. f o r  lo%, D2b x A13 
C .  f o r  1 5 % ,  D2c X A 1 3  

D 4 .  C a l c u l a t e  t h e  d o l l a r  s a v i n g s  d u e  t o  t h e  
r e d u c t i o n  o f  e n e r g y  c o n s u m p t i o n .  Use 
t h e  h i g h e s t  C5 e n t r y  f rom Workshee t  C, w h i c h  
is t h e  e n e r g y  r a t e  i n  $/kWh. E n t e r  t h e  d o l l a r  
s a v i n g s  f o r  t h e  5%, a n d  15% r e d u c t i o n  
l e v e l s  i n  T a b l e  D - 1 .  

a. f o r  5 % 1  D3a x C5 
b.  f o r  lo%, D3b x C5 
C. f o r  D3C X C5 

D5. C a l c u l a t e  t h e  peak demand r e d u c t i o n  f o r  t h e  
5%, lo%, a n d  15% r e d u c t i o n  levels .  

a .  for 5 % ,  A l l  X 0 . 0 5  
b .  f o r  l o % ,  A l l  x 0.10 
c. f o r  1 5 % ,  A l l  x 0.15 

D6. C a l c u l a t e  t h e  d o l l a r  s a v i n g s  d u e  t o  t h e  
r e d u c t i o n  o f  peak demand. Use t h e  h i g h e s t  
C2 e n t r y  f rom Workshee t  C I  which  i s  t h e  
demand r a t e  i n  $/kW. E n t e r  t h e  d o l l a r  
s a v i n g s  f o r  t h e  5 % ,  l o % ,  a n d  1 5 %  r e d u c t i o n  
l eve ls  i n  T a b l e  D - 1 .  

a.  f o r  5%, D5a x c2 
b. f o r  l o % ,  D5b x C2 
C .  for  1 5 % ,  D5c X C2 

- D 1  F i g u r e  B-1  

- D 4  T a b l e  D - 1  

- D6 Table D - 1  



WORKSHEET D (continued) 

D7. Calculate the surcharge reduction, if _. D7 Table D-1 
applicable, and enter in Table D-1. For 
an energy-related surcharge (i.e, $/kWh), 
the dollar savings would be as follows: 
a. for 5 % ,  surcharge rate from C8 entry x D3a 
b. for lo%, surcharge rate from C8 entry x D3b 
c. for 15%, surcharge rate from C8 entry x D3c 

For a demand-related surcharge (i.e.8 $/kW), the 
dollar savings would be as follows: 

d. for 5 % ,  surcharge rate from C8 entry x D5a 
e. for l o % ,  surcharge rate from C8 entry x D5b 
f. for 15%, surcharge rate from C8 entry x D5c 

D8 Table D-1 D8. Calculate the credit increase, if applicable, - 
and enter in Table D-1. For an energy-related 
credit (i.e., $/kWh), the dollar savings would 
be as follows: 

a. for 5 % ,  credit rate from C9 entry x D3a 
b. for lo%, credit rate from C9 entry x D3b 
c. for 15%, credit rate from C9 entry x D3c 

For a demand-related credit (i.e., $/kW), the 
dollar savings would be as follows: 

a. for 5%, credit rate from C9 entry x D5a 
b. for lo%, credit rate from C9 entry x D5b 
c. for 15%, credit rate from C9 entry x D5c 

D9. Determine the potential monthly dollar - D9 Table D-1 
savings due to peak shaving by summing the 
data in Table D-1. 

Annual Savings - Approximate Method 
This method will overstate the annual savings. 

, 
D10. To approximate the annual savings due to 

peak shaving, multiply the Monthly Dollar 
I Savings by 12 in Table D-1. 

Annual Savings - Improved Method 
Dll. Do steps D3 through D8 of the basic 

methodology using A15 and A14 in place 
of A13 and All, respectively. 

Step 03: D2a x A15 
D2b x A15 
D2c x A15 

Step D4: Dlla x C5 
Dllb X C5 
DllC X C5 

- D10 Table D-1 

- Dlld Table D-2 

-105- 



WORKSHEET D ( c o n t i n u e d )  

S t e p  D5: 

S t e p  D6:  

s t e p  D7: 

S t e p  D8: 

A 1 4  x 0.05 
A 1 4  x 0.10 
A 1 4  x 0.15 

Dlle x C2 
D l l f  X C2 
D l l g  X C2 

Dl l a  x C8 
D l l b  x C 8  
Dllc  x C8 

Dl l e  x C9 
D l l f  X C9 
D l l g  x C9 

D12. Determine t h e  p o t e n t i a l  a n n u a l  d o l l a r  s a v i n g s  
d u e  t o  peak s h a v i n g  b y  summing t h e  d a t a  i n  
T a b l e  D-2. 

A n n u a l  S a v i n g s  - More Accurate Method 

T h i s  method p r o d u c e s  t h e  same r e s u l t s  as t h e  
improved  method when t h e  e n e r g y  a n d  demand c h a r g e  
r a t e s  i n  en t r ies  C 5  a n d  C 3  d o  n o t  v a r y  w i t h  t h e  
e n e r g y  a n d  demand levels. 

D 1 3  . Do s t eps  D 3  t h r o u g h  D 8  o f  t h e  bas i c  
methodology t w e l v e  ( 1 2 )  times, once fo r  
e a c h  month. Use e a c h  m o n t h ' s  e n e r g y  
a n d  demand d a t a  f rom T a b l e  A - 1  i n  p lace  
o f  A13 and A l l ,  r e s p e c t i v e l y .  A l s o  use t h e  
appropr i a t e  e n e r g y  a n d  demand r a t e  t o  ma tch  
t h e  e n e r g y  and  demand v a l u e s  f o r  steps D 4  
and  D6. Use T a b l e  D-3  t o  e n t e r  t h e  r e s u l t s  
f r o m  each s t e p .  

D14. Determine t h e  p o t e n t i a l  a n n u a l  d o l l a r  
s a v i n g s  d u e  t o  peak s h a v i n g .  F i l l  i n  
T a b l e  D-4 w i t h  t h e  a p p r o p r i a t e  d a t a  
from T a b l e  D-3 and  sum. 
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WORKSHEET D (continued) 

Table D-1. Potential Annual Dollar Savings - Approximate Method 
I I I 
1 Contribution I Percent Peak Shaving 1 
I to I I 
I Dollar Savings I I I I 

I 5% I 10% I 15% I 
I I I I I 
I I I I I 

I I 
I Dollar Savings I /257 I 
I D4 Energy 

I 
I D6 Demand 

Dollar Savings 

D7 Surcharge 
Dollar Savings 

D8 Credit 
Dollar Increase 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I I 
I I 1 I I 
I Monthly Dollar I I I I 

I#z;Z8a63 I I Savings 

I I I I I 
I Annual Dollar I I I I 

I J f 8 3 9 O  y7907 I I I (D4 + D6 + D7 - D8) I 

I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

Table D-2. P o t e n t i a l  Annual D o l l a r  S a v i n g s  - Improved Method 

I I 
I Con t r ibu ti on I 

~ 

P e r c e n t  Peak Shaving - 
I to I I 
1 Do 1 l a r  Sav ings  I I 1 I 
I I 5% I 10% I 15% I 
I I I I I 
I I I I 
I D4 Energy 
I D o l l a r  Sav ings  
I I I I I 
I D6 Demand I 
I D o l l a r  Sav ings  1 49731 I 93#&2 I / 4 9 / 3 7  
I I I I I 
I D7 Surcharge  I I I 
I Dollar S a v i n g s  I 22/38 I 57u&?3€2 B5’f7 I 
I I I I I 

I 
I - I 

1 - I 
I - I D8 C r e d i t  I 

I Dollar I n c r e a s e  I 
I I I I I 
I Annual Do l lar  I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D - 3 .  Basic Methodology Steps D3 through D 8  
A p p l i e d  t o  More A c c u r a t e  Method 

I I 
I I S T E P S  
I Month I I 
I I D3 I D 4  I D5 I D 6  I D 7  I D 8  I 
I I I I I 1 I 
I Jan I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I Feb I I I I I I I 
I I I I I I I I 
I I I 
I Mar I I I I I 1 I 
I I I I I I I I 
I I I I I I 

I I I I I I 
I I 

I I 
I I I A M .  #o E fl?/J 
I APK I 

I 
I May I I I I I I I 
I I I I I I I I 
I I I I I I 
I Juri I I I I I I I 

~ 

I I I I I I I I 
I I I I I I I I 
I J u l  I I I I I I I 
I I I I I I I I 
I 1 1 I 
I Aug I I I I I I I 
I I I I I I I I 
I I I I I 1 I I 
I S e p  I I I I I I I 
I I 1 I I I I I 
I I I I I I I 
I O c t  I I I I I I I 
I I I I I I I I 
I I I I 1 I 
I Nov I I I I I I I 
I I I I I I I I 
I I 1 1 I I I 
I Dec I I I I I I I 
I I I I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-4. Annual S a v i n g s  from More A c c u r a t e  Method for 
5 %  Peak S h a v i n g  

I I I I I I I 
I I Energy I Demand I S u r c h a r g e l  C r e d i t  I Total Monthly  I 
I Month I S a v i n g s  I S a v i n g s  I S a v i n g s  ( I n c r e a s e s 1  S a v i n g s  I 
I I ( D 4 )  I ( D 6 )  I (D7) I (08) l(D4 + D6 + D7 -D8)1 
I I I I I I I 
I I I I I I 
I J a n  I I I I I I 
I I I I I I I 
I I I 1 I I 
I Feb I I I I I I 
I I I I I I I 
I I I I I I I 
I Mar I I I I I I 
I I I I I I I 
I I I I I 

I I I I I I I 
I I I I I 
I Jun I I I I I I 
I I I I I I I 
I I I I 
I J u l  I I I I I I 
I I I I I I I 
I I I I I I 
I Aug 1 I I I I I 
I I I I I I I 
I I I I 
I Sep I I I I I I - 

I I I I I I I 
I I I I I I 
I O c t  I I I I I I 
I I I I I I I 
I I I I I I I 
I Nov I I I I I I 
I I I I I I I 
I I I 1 I 
I Dec I I I I I I 
I I I I I I I 
I I I I I I 
ITotal I 
IAnnual  I 
I S a v i n g s  I I I I I 1 
I I I I I I I 
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WORKSHEET D ( c o n t i n u e d )  

T a b l e  D-4 .  A n n u a l  S a v i n g s  from More Accurate Method 
f o r  1 0 %  P e a k  S h a v i n g  ( c o n t i n u e d )  

I I Energy  I Demand I S u r c h a r g e l  C r e d i t  I T o t a l  Month ly  I 
I Month I S a v i n g s  I S a v i n g s  I S a v i n g s  I Increasesl  S a v i n g s  I 
I I ( D 4 )  I (D6)  I (D7) I (D8) l ( D 4  + D6 + D7 -08)  I 
I I I I I I I 
I I I I I I 
I Jan I I I I I I 
I I I I I I 1 
I I I I I 
I Feb I I I I I I 

I I I I I I 
I Mar I 1 I I 1 
I I I I I I I 
I I I I I I 

I I I -  
1s rA.T K I 

I I 1 

I Apr I 

I 
I May I I I I I I 

I I f A . A .  A ue m 
I 

I I I I I I I I 
I I I I I I 
I J u n  I I I I I I 
I I I I I I I 
I I I I I I I 
I J u l  I I I I I I 
I I I I I I I 
I I 1 I I I I 
I Aug I I I I I I 
I I I I I I I 
I I I I I I I 
I S e p  I I I I I I 
I I I I I I I 
I 1 I I I I 
I O c t  I 1 I I I I 
I I I I I I I 
I I I 
I Nov I I I I I 1 
I I I I I I I 
I I I I 1 I 
I Dec I I I I I I 
I I I I I I I 
I I I I I I 

I I T o t a l  I I I I I I 
I A n n u a l  I I I I I I 
I S a v i n g s  I I I I I I 
I I I I I I I 
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WORKSHEET D (continued) 

Table D-4. Annual Savings from More Accurate Method 
for 158 Peak Shaving (continued) 

I I I I I I I 
I Energy I Demand ISurchargeI Credit I Total Monthly I 

Month I Savings I Savings I Savings JIncreasesl Savings I 
I (D4) I (D6) I (D7) I (D8) I(D4 + D6 + D7 -D8)1 
I I I I I I 
I I I I I 

Jan I I I I I I 
I I I I I I 
I I I I I I 

I Feb I I I I I I 
I I I I I I I 
I I I I 1 I I 
I Mar I I I I I 1 
I I I I I I I 
I I I I I 

I I 
I 

I I 

I Apr I 
I I 
I 

I S L  
I May I I I I I I 
I I I I 1 I I 
I I I I I I 
I Jun I I I I I I 
I I I I I I I 
I I I I I I 
I Jul I I I I I I 
I I I 1 I I I 
I I I I 
I Aug I I I I I I - 
I I I I I I I 
I I I I I I 
I Sep I I I I I I 
I I I I I I I 
I I I I I I 
I Oct I I I I I I 
I I I I I I I 
I I I I 
I Nov I I I I I I 
I I I I I I I 
I I I I 
I Dec I I I I I I 
I I I I I I I 
I I I I I I I 
ITotal I I I I I I 
IAnnual I I I I I I 
I Savings I I I I I I 
I I I I I I I 

END OF WORKSHEET D 
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WORKSHEET E 

E l .  E n t e r  t h e  DOE Region  number f o r  t h e  b a s e  
l o c a t i o n .  

E 2 .  E n t e r  t h e  UPW D i s c o u n t  F a c t o r  A d j u s t e d  f o r  
A v e r a g e  F u e l  P r i c e  E s c a l a t i o n  f o r  i n d u s t r i a l  
e l e c t r i c i t y  and  a 7% d i s c o u n t  r a t e  ( u s e  R e f .  4 ) .  

a .  10 y e a r s  
b. 1 5  y e a r s  
c .  20 y e a r s  
d .  25 y e a r s  

E3. E n t e r  t h e  p r e s e n t  v a l u e  (PV) of  t h e  5%,  l o % ,  - E3 T a b l e  E-1 
a n d  1 5 %  s a v i n g s  f o r  s y s t e m  lifetimes o f  
1 0 ,  1 5 ,  2 0 ,  a n d  25 y e a r s  i n  T a b l e  E-1 .  

PV = E2 (UPW f a c t o r  fo r  1 0 ,  15,  20 ,  
a n d  25 y e a r s )  x Annual S a v i n g s  
f rom Workshee t  D ( e i the r  D l O ,  
D12, or D18 depend ing  on wh ich  
method was u s e d ) .  

E 4 .  E n t e r  t h e  e s t i m a t e d  t o t a l  p r o j e c t  c o s t  f o r  t h e  - E4 T a b l e  E-2 
d i f f e r e n t  a l t e r n a t i v e s  ( c a l c u l a t e d  i n  E 3 )  
i n  Table  E-2. Assume  SIR v a l u e s  of  1, 3, 
a n d  5. 

( T h i s  e q u a t i o n  is a p p r o x i m a t e  o n l y  a n d  
assumes t h e  r a t i o  of  m a i n t e n a n c e  c o s t  t o  
i n v e s t m e n t  c o s t  i s  l o w . )  

P r o j e c t  c o s t  = E 3  e n t r y - S I R  

E 5  . E n t e r  t h e  UPW D i s c o u n t  F a c t o r  A d j u s t e d  f o r  
A v e r a g e  F u e l  P r i c e  E s c a l a t i o n  f o r  i n d u s t r i a l  
e l e c t r i c i t y  a n d  a 7 %  d i s c o u n t  r a t e  ( u s e  R e f .  

a .  3 y e a r s  
b. 4 y e a r s  
c .  5 y e a r s  
d .  6 y e a r s  

4 )  . 
E5a - 
E5b 

E 6  T a b l e  E-2 E6. E n t e r  t h e  t o t a l  p r o j e c t  c o s t  for  assumed DPB - 
v a l u e s  o f  3 ,  4, 5, a n d  6 y e a r s  i n  Table E-3. 

P r o j e c t  c o s t  = E5 (UPW f a c t o r  f o r  3, 4 ,  5 ,  
a n d  6 y e a r s )  x Annua l  S a v i n g s  
f rom Worksheet  D ( e i t h e r  D 1 0 ,  
D12, or D 1 8  d e p e n d i n g  on which  
method was u s e d ) .  

E7. E n t e r  t h e  e s t i m a t e d  cos t  r a n g e  f o r  a peak  
s h a v i n g  p r o j e c t  b a s e d  o n  a c h i e v i n g  a n  
SIR = 5 or a DPB = 6 y e a r s .  

a .  5 %  peak  s h a v i n g  
b. 1 0 %  peak s h a v i n g  
c .  1 5 %  peak s h a v i n g  
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WORKSHEET E (continued) 

E8. Enter the expected cost of the alternative peak 
shaving techniques. 

a. Interconnection 
b. EMCS 
c. On-site power generation 

E9. The results from E4 and E6 overlap to 
illustrate the relationship between 
the SIR and the DPB. A comparison of 
E7 with E8 is the basis for pursuing 
further analysis. An E8 value that 
is considerably greater than the range 
of values in E7 is not an economically 
viable project. 

-114- 



WORKSHEET E (Continued) 

Table E-1.  Present Value of Annual Savings 

I 
I 

1 1 
1 I 
1 % Peak I I 
I Shaving I I I I I 
1 1 10 years I 15 years I 20 years I 25 years I 

I I I I 1 
1 I I I 

I808’725- ‘P fB ,836  I 
I I 

5 l S , O G /  I I,3,323 I 
I * I  
1 I I I 

System Lifetime 

I 
I 
1 
1 10 
I 
1 
I 15 
I 

I I 

Table E-2. Estimated Total Project Cost f o r  
SIR = 1, 3, and 5. 

I 1 I 
i I System Lifetime I 
I % Peak 1 I 
Shaving I I I I I 
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WORKSHEET E ( c o n t i n u e d )  

Table E - 3 .  Es t imated  T o t a l  Project  Cost f o r  
DPB = 3 ,  4 ,  5 ,  and 6 y e a r s  

I I I 
I % Peak I D i s c o u n t e d  Payback P e r i o d  I 
I Shav ing  I I 
I I I I I I 
I I 3 y e a r s  I 4 y e a r s  I 5 y e a r s  I 6 y e a r s  I 
I I I I I I 

END O F  WORKSHEET E 


